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Devices and Methods in Natural Science 
J. T. Surimer, Latimer Junior High School, Pittsburgh, Pa. 


“The value of any study depends on how the teacher teaches it 
and what the pupil learns from it.” 

“Doubling one’s power to get and to use knowledge is doubtless 
worth far more than doubling one’s knowledge.”—Thorndike. 


INTRODUCTION. 


The following outline of certain methods employed in Junior 
High School science teaching is based upon experience in the Lati- 
mer Junior High School of Pittsburgh, Pennsylvania. 

Discussion and criticism of methods of instruction now in use, 
and the pooling of all that proves to be successful in the experi- 
ence of many teachers, is the way to improvement in the teaching 
of science in our Junior High School. 

Science teachers who are interested should send criticisms, sug- 
gestions and constructive ideas that will help make this Junior 
High School program better than any one person can make. 

The intermediate grades, 7 to 9 inclusive, or those comprising 
the Junior High School, constitute preeminently an exploratory 
period, a trying-out period to which the Heuristic method of sci- 
ence is particularly adapted. The content of the science work of 
this period is not a delicately balanced conglomerate of physics, 
biology, chemistry, and physical geography, but a course based 
upon the social, hygienic, and economic needs and interests of 
pupils of the early adolescent age. The progressive and normal 
development of a pupil, for example as an increasingly worthy 
member of his home, needs to be traced and outlined, step by step, 
and the other subjects brought to bear upon a solution of the 


problems involved. This is the period when amateur scient 


sts 
are developed. Witness widespread interest among boys and 
girls of this age in the recent extensions of the use of the wire- 





*This is an outline of a paper given at the N. E. A. in Washington, 
D. C., July 1, 1924 and at Pennsylvania State Ed. Assn. meeting at Erie, 
Dec. 21, 1924. 
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less and the automobile. The science club both curricular and 
extra-curricular with its opportunity to develop and play with sci- 
entific hobbies and toys is admirably adapted to this period and 
should be encouraged. From being largely empirical, the thinking 
of the pupil rapidly becomes more constructive and under the 
skilful guidance of the teacher will enable him successfully to 
work his way through problems of considerable complexity. 

In general, the course will stress the science of home and com- 
munity life, with special reference to those features that make 
the pupil more socially efficient on the playground, at home, at 
school, and in a community. A rigid syllabus for the science work 
of this period applicable to all schools alike is unthinkable. Rich 
in its suggestions of materials and methods, the syllabus must 
leave each teacher free to work out his own course in terms of the 
special needs and interests of the varying groups of girls and boys 
in his classes. There is no substitute for a skilful and resourceful 
teacher of science in these intermediate grades. A prominent 
educator has recently said, “My observation leads me to say that 
the position of teacher of science in this all-important period is 
the key position, no other subject excepted, in the whole high 
school range, from the seventh grade to the twelfth, and should 
attract, as indeed it requires, the most skilful and the most human 
of teachers.” 

The course in science should be continuous throughout this per- 
iod. The time allotment should be approximately the equivalent 
of two years of work in a single subject four hours per week. Prob- 
ably the best distribution of this time would give two hours per 
week throughout the seventh and eighth grades and four hours 
per week during the ninth grade. 

It goes almost without saying that the Junior High School sci- 
ence course, if it is to realize its full values, cannot well be a 
text-book course. Materials of instruction must be chosen with 
reference to the needs and resources of the local community on 
the one hand and the interests and capacities of each class group 
of pupils on the other. Several texts can well be used and these 
as reference books rather than as texts out of which consecutive 
lessons are assigned. Such a course must never be allowed to be- 
come fixed or static for a city or a school or even an individual 
teacher. New materials and new methods must be constantly 
sought and adapted to meet the need of varying groups of pupils 
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and, so far as possible, to meet in some measure the special in- 
terest of individual pupils. 

It goes without saying, also, that the problem project method of 
instruction is the one best adapted to this exploratory period, so 
that young people may have the opportunity to express themselves 
individually along lines of their fundamental instincts and inter- 
ests and thus develop lines of individual aptitudes. This is not 
to say that the problem project method should be used exclusively. 
The work will necessarily have to be developed by use of: 


1. Clubs 4. Recitation and demonstration 
2. Visualization work 5. Reference material 
3. Note books 6. Correlation 


I. THe Scrence CuLus 

It is said, “Self activity is the law of growth.” The aim of 
the club is to encourage general scientific knowledge; to have every 
child function; to help the teacher get better interest; to encour- 
age the pupil to present the thing he is most interested in; to 
help him do better the thing he will do any way; the child’s in- 
terest is often formed in him and is given an enthusiasm started 
by his classmates rather than by the teacher. It developes leader- 
ship; teaches self-reliance and the appreciation of the important 
part that science plays in the every-day life of every citizen. 

The time should be one class period per week. 


The olficers are as follows: 


1. President 5. Club Editor and English 
2. Vice-President Critic 

3. Secretary-Treasurer 6. Magazine Buyer 

4. Sergeant-at-Arms %. Note Book Critic 


The duties of the President are: to take charge of the club 
meetings; to see that those having topics are prepared; to take 
charge of room when teacher is out; puts “pep” into the club; 
invites criticism; visits other clubs; post club standing each week; 
arranges for visits to factories, etc. 

The Vice-President marks each pupil for work done in club 
according to a scale agreed upon by the club and teacher. All 
the officers receive A or B. Any officers who cannot earn such 
a mark is promptly removed from office. The club marks of the 
class are submitted to the teacher at the end of the month for 
his or her approval. 








ie 2) 
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The Secretary-Treasurer keeps the minutes of all meetings; 
marks short topics which are held over; keeps time of illustrated 
topics; appoints timekeeper; assigns topics. 

The :Sergeant-at-Arms sees that magazines are kept in order; 
operates lantern; attends to shades; appoints a light regulator; 
keeps the club room in order. 

The Club Editor places all important news in the school paper, 
LATIMER LiF; also criticizes the English of all topics. 

The Magazine Buyer purchases all the latest magazines on sci- 
ence as soon as they are on the market. 

2. VISUALIZATION Day 

This type of recitation is in the experimental stage. The aim 
is to try to turn the Motion and Still Pictures from entertainment 
to educational purposes. They are shown one day each week. 
Only pictures based on the project at hand are shown. Notes and 
drawings are made as the picture is shown. About half the period 
is taken for the showing and the other half for the writing up 
the subject. 

3. Nore Book Work 

“Improvement of laboratory practice will result in less cumber- 
some forms of note-taking and of note-book making. The experi- 
ment is not designed for the sake of a note-book record. A sum- 
mary of results which can be used in interpreting the work done 
should be done and pupils should be allowed such freedom in the 
precise manner in which the record is made. They should record 
important and significant facts, and the record should be clear 
and complete.” 

4. ReEcITATION AND DEMONSTRATION 

The problem project method is the best suited for this age of 
pupils. The problem and projects are unified on the basis of 
individual experiments, class discussion, reference and laboratory 
work by individuals and small groups. “Too frequently the labora- 
tory and class room are separate not only physically but mentally.” 
“The value of individual laboratory work has been seriously injured 
by requiring each pupil to do exactly the same experiment as 
every other pupil and to do it in as nearly the same time and 
the same way as possible.” The class room should be made a 
workshop. Each child has a right to work out the thing he or 
she desires. Co-operation in a group project frequently has high 
social values. 
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The basis of the course is: 

1. “Cardinal Principles of Secondary Education,” Bulletin 
1918, No. 35, Department of Interior Bureau of Education. 

2. “Reorganization of Science in Secondary Schools,” Bulle- 
tin 1920, No. 26, Department of Interior Bureau of Education. 

3. Junior High School Science Course, February, 1923, Penn- 
sylvania State Department of Publie Instruction. 
Seventh Grade—Continuation of nature study. 

Astronomical and physical geography. 

Eighth Grade—Health. Scientific knowledge as basis. 


Ninth Grade— 


1st Semester 2nd Semester 
1. Home planning 1. Communication—Radio 
2. Home heating 2. Transportation—Automobile 
3. Home lighting 3. Man’s place in the animal 
4. Pittsburgh water supply kingdom 


5. REFERENCE MATERTAL 
I. Science books for school library. 
II. Reference books for class use. 


os 


3, CORRELATION 
I, English Department 
~ (1) Use motion pictures and projects for basis of com- 
positions. 
II. Sewing Department 
(a) (1) Boys in science class learn to sew on buttons 
tailor fashion. 
(2) Mend tears. 
(3) Press clothing. Spot removing. 
(4) Darning. 
(b) Six lessons for the sewing department girls to be 
given in science. 
(1) Science of the home. 
a. Clothing and its care. 
b. Construction of a sewing machine. 
ec. Testing gas flames for heating qualities. 
d. Home planning. 
(2) Health 
a. Testing the senses, 


b. How life begins. 
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III. Social Studies. Knowledge of how to co-operate ef- 
fectively as in questions of public health and public 
service generally. 

IV. Health 
Scientific knowledge is basic. 

New Lists Betne PREPARED FOR THIS COURSE 
1. Science books suggested for school library. 

2. Reference books for class use. 

3. Laboratory equipment in this course. 

4. General science texts for correlation. 

5. Motion picture reels for class use. 

6. Tests of motion picture reels for class use. 





Factors Influencing the Teaching of Nature Study 
and other Elementary Sciences 
CuristiINe Harriey, Austin High School, Chicago, IIL. 

CurI0sITY as to why so many elementary teachers dislike to teach 
Nature Study and Elementary Science has led to this investigation. 

The conclusions are based on what the teachers themselves say, 
what experts in this line say, the work in science required in sevy- 
enty-seven Normal Schools chosen at random, outlines of science 
courses for elementary schools, and state and city programs. 

I. Until recently there has been much difference of opinion 
as to the real purpose of teaching Nature Study and other ele- 
mentary sciences. By actual count, nineteen different objectives 
were found in the articles examined. These articles were written 
by experts in this line. The objectives varied purely from senti- 
mental aims to those of teaching purely scientific facts. However, 
judging by the frequency of these ideas, the predominant ones 
are “to obtain knowledge of and interest in the world about us;” 
“to cultivate the habit of observing and interpreting what is seen ;” 
“to regulate human conduct by understanding nature ;” “a source 
of happiness throughout life, for they are used as a basis for 
understanding art, the world’s best literature, geography, ete. :” 
“to help one to better enjoy leisure time;” “to acquire facts” and 
to “love nature.” 

IT. ‘Too often administrators and teachers lack sufficient train- 
ing in these subjects. It is possible for pupils to get through 14.9 
per cent of the high schools in the United States with no science 


training; 9.2 per cent require one-half year; 58.5 per cent specify 


z 
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one year. So, of those schools that require science, 67.7 per cent 
require one year or less." 

Then on examining the course of study for seventy-seven normal 
schools, which are probably a fair sample for they were chosen at 
random and represent all sections of the United States, it is found 
that it is still possible to graduate from some of them without 
being required to study science. Where just one science is required, 
it is usually a course in geography and everyone has studied that 
at some time in school. 

Of those that do require definite courses, many are just twelve 
weeks in length, so “the range is verv limited.” 


DATA CONCERNING SEVENTY-SEVEN NORMAL SCHOOLS 
No. of sci- No, of schools requiring these in each department 
ence courses Pre-  Pri- Inter- Upper Junior 

required normal mary mediate grades H.S. Rural General Total 
Perri rrr 0 1 0 1 1 1 0 4 
Boeevcvceone 1 13 6 2 2 1 13 38 
Beerceveces + 20 15 2 5 + 9 59 
Brcccscvces 3 2 7 0 4 3 8 27 
Bicccccoces 5 1 2 1 5 9 1 24 
ear ree 2 1 1 1 2 7 
Dana sinin, es. l 1 


8 2 
No. of the 77 
normals 
requiring 
courses in 
various de- 
partments 17 38 30 6 18 19 34 


Pre-normal courses are for students who have only completed the 
eighth grade. 


“Most common subjects required in normal schools have been 
required in high school, so the student is better prepared to teach 
these subjects than she would be to teach nature study, even though 
she chose to take nature study at normal.” 

“The lack of knowledge of normal students regarding the most 
elementary of nature’s forms is astonishing. One normal school 
instructor found that the average high school pupil coming into 
his classes knows about eight trees, eight birds, and eight insects. 
With the meagre training given in normal schools, teachers are 
expected to go out and teach nature study,.””? 


1 Data from reports of U. S. Commissioner of Education. E. R. Downing 
—‘School Science and Mathematics,’’ Jan., 1924. 


2 Ora May Carrol—Nature Study Magazine, 1914. 
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“Nobody can teach what he doesn’t know. The bane of many 
schools is that those who assume to teach don’t know enough. 
Many normal schools are keenly conscious of the fact and devote 
so much of their limited time to reviews of academic work that 
they have no preparation proper. The bona fide graduates of a 
reputable secondary school ought to know enough to teach in an 
elementary grade. But some normal schools accept secondary 
graduates, whose principals never would venture to grant a col- 
lege entrance certificate and in turn pass these into the teaching 
profession. A further difficulty is that often thoroughly good high 
school graduates have never studied at all the sciences and his- 
tory and literature so necessary to the young person who is des- 
tined to meet the inquisitive minds of the children of elementary 
grades.””* 

In the various normal schools, courses are required in Geogra- 
phy, Physical Geography, Professional Geography, Political Geog- 
raphy, Human Geography, Principles in Geography, Problems in 
Geography and Methods in Geography. How can any of these be 
taught without overlapping some of the others and thus wasting 
time? Why not, instead of offering so many divisions of the sub- 
ject, group them and offer one good course in Geography? Let 
methods be a part of rather than separated from the course. 

Normal schools, alone, are not responsible for poor science teach- 
ing. Records show that many college trained teachers, who have 
majored in science, have chosen every conceivable kind of a sub- 
ject for a minor. Even if the college and normal training were 
adequate for their students, it must not be forgotten that we have 
in our public schools 30,000 with no education beyond the eighth 
grade; 100,000 who have had Jess than two years beyond the 
eighth grade; 200,000 who have had less than four years beyond 
the eighth grade; and 300,000 who have had no more than four 
years beyond the eighth grade. Fully 30,000 negro teachers have 
no education beyond the sixth grade.* 

Sixty-three per cent of all the teachers in Alabama have had 
no professional training; 6,000 teachers in rural Texas have just 
completed the seventh grade; in Mississippi, Georgia, South Caro- 
line and Florida 20% of the teachers have never gone beyond the 
eighth grade; 39% of the rural teachers in Pennsylvania had no 





3 H. C. Morrison—Elementary School Journal, 1920, 
4N. E. A. Bulletin 3, 1918. 
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secondary training and, of the 61% who had attended high school, 
only 22% had completed a four-year course; 52% of the teachers 
held provisional certificates during the year 1919-20.° 

III. In various syllabi, well organized and useful courses are 
suggested. These are particularly good for teachers who are not 
well trained for the teaching of these subjects, as the topics are 
classified according to the age of the child and the seasons. The 
best ones can be used as a pattern and adapted to the needs and 
interests of any community. “Definite standards as for history 
vannot be established. Nature study should and always will re- 
tain a certain flexibility.”° These courses give much room for 
the initiative of the pupils and the teachers. “Although the topics 
vary according to locality the underlying principles are the same.”* 

“Some outlines give too much prominence to the information 
side. Such courses cause teachers to turn to books instead of put- 
ting questions to nature; thus the whole subject degenerates into 
a memorized jumble of names and an acquisition of disorganized 
and often useless facts.”’§ 

IV. The amount of time allotted to these subjects, in various 
elementary schools where they are taught, ranges from no time 
to 300 minutes per week. Mr. Trafton says that “in New Jersey 
about 30 minutes a week is allotted to Nature Study and occasion- 


29 


ally 45 to 60 minutes.”® Miss Bilig found that in seventy-one 
schools in Kansas the time varied from no regular periods to 5 
hours per week; the average was 68 minutes per week in 1918.1 
In Illinois she found that 15 to 100 minutes per week, the average 
being 50 minutes broken up into two to five recitation periods, 
were given to Nature Study.!! In Colorado 20 to 30 minutes per 
week are given to Nature Study and Hygiene; in Massachusetts 
60 minutes; in Seattle 20 to 40 minutes, and in Birmingham, Ala., 
50 to 150 minutes. 

V. The answers received from questionnaires sent out to the 
teachers of these subjects in Passaic, N. J., probably express the 
rather general attitude of teachers towards these subjects. These 
teachers represent twenty-one normal schools in six different states, 





5 The Rural Teacher Situation in the United States. Mabel Carney, 
May, 1923. 

6 F. H. Holtz—Nature Study Review, 1917. 

7G. H. Trafton—Nature Study Review, 1916. 

8 T. R. Croswell—Nature Study Review, 1906. 

9 G. H. Trafton—Nature Study Review, 1910. 
10 Florence Bilig—Nature Study Review, 1918. 
11 Florence Bilig—Nature Study Review, 1915. 
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They have difficulty in gathering material; lack knowledge of 
the subject matter; lack time for presenting the work. They feel 
they should have had more training in observation more field work 
and more model lessons while in normal school.!* 

VI. It seems that those who dislike to teach these subjects 
are not sufficiently trained in subject matter or in methods of 
making it a part of the child’s experience. Because of this lack, 
they are unable to find sufficient materials to present and to evalu- 
ate those they do find. 

If they knew these subjects well, they might readily correlate 
their science teaching with the various other subjects and not 
feel the lack of time so keenly. As 8. C. Schmuker says, “It 
should be a drawing lesson one day, a language lesson another, a 
geography lesson the third, the number lesson still another day, a 
special feature some morning at opening exercises or a stirring 
round-up to keep the week’s work from ‘petering out’ on Friday 
afternoon.”!3 

“The selection of materials and the method must be worked out 
by the individual teachers in their local environment. What is fit 
for garbage in the hands of one teacher may be invaluable as 
treated by another from another point of view. It is the teacher 
who is responsible for the use of her own and her pupils’ time.”!4 

“If each normal school student should find her own specimen, 
bring in food plants, make the vivarium or aquarium, stock it, 
keep it in order, study the possibilities and difficulties connected 
with it, the possible causes of failure and the best ways to prevent 
or remedy them, then, make their own garden, then they could 
direct their own pupils when they become teachers and save much 
wasted time.”!® 

Dr. Broadhurst says, “No teacher has the right to teach chil- 
dren for two hundred days a year without having taken courses 
in physiology, hygiene, and bacteriology. 

“It is an error to believe good teaching is uniformly possible 
with the limited training and experience of the average grade 
teacher. The training of the teacher is the fundamental element 
upon which the foundation of Nature Study rests.’ This state- 
ment might well include the other elementary sciences, too. 





G. H. Trafton—Nature Study Review, 1907. 

. Schmucker—Nature Study Review, 1917. 

=. B. Babcock—Nature Study Review, 1912. 
zethitia M. Snow—Nature Study Review, 1910. 
t. E. Wager—Nature Study Review, 1916. 











I am a Chemist* 


Berton BELLIS. 


I HAVE provided work, brought about prosperity, laid the foun- 
dation of the fortunes of many people and sowed the seed of com- 
mercial prosperity—broadened commerce—and improved the ma- 
terial conditions of man himself and those who care for him and 
his possessions. 

I am one of the oldest of sciences, the first to be recognized and 
utilized by man. 

I am of the profession that has given many martyrs to human- 
ity’s cause of peace, progress, and better living conditions. 

I am always investigating—experimenting—and trying to ex- 
pose the hidden secrets of the different material elements and re- 
move all doubts to the goodness and wisdom of God, the omnipo- 
tent creator of all things. 

I am always at the mercy of burning acids, explosions, diseases, 
blindness, and death. . 

I am the creator of the laboratory that guards man against 
famine, disease, destruction, and untimely deaths. 

I place the various ingredients of the universe under the micro- 
scope, and in the test tubes, and am at home with the living germ 
—or the units of matter, the molecules, the truants of the naked 
human eye, the atom and the electron. 

I take nourishment from the atmosphere and plant it in the 
arid soil thereby enabling man to cultivate and raise a greater 
abundance of food. 

I create and make the synthetic materials to take the place of 
materials vanished from the earth. 

I find the evidence of crime in the test tube and under the 
microscope—and am a great factor in criminology. 

I turn the forests into pulp from which paper is manufactured 
and I make materials into ink and refine the steel of which print- 
ing presses are made, thereby helping man to collect and publish 
the latest news and promote education and learning. 


*Reprinted from “The Crucible.” 
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I invent and make the paint with which the master artist touches 
the canvas with his magic brush and produce almost living, speak- 
ing pictures. 

[ am of the profession that has caused many a man to go to 
an untimely grave because of the lack of knowledge and apprecia- 
tion of my principles and secrets. 

I am the one who has found a monument in man’s living con- 
ditions that have been constantly improved by my comrades for 
ages and eons. 

I open new countries in the arid districts and destroy pests, 
check the ravage of pestilences, and turn the barren and unpro- 
ductive lands green with abundant verdure. 

I make the ingredients for the healing balsam, the drugs, the 
vaccine, virus, the serum, and all other nostrums that relieve sick 
and distressed humanity. 

I make the coloring for man’s robes and beautify the smile of 
“my lady” fair and make perfumes of the earth that rival the 
most fragrant and bewitching rose that the cultivation of man 
ever produced. 

I lengthen man’s span of years by purifying the water that he 
drinks and enabling him to make his foods more wholesome. 

I account for action and reaction—composition and decomposi- 
tion—and all changes made in the workings of the natural forces 
and matter. 

I can make war and carnage so destructive and terrible that 
mankind will be compelled to live in peace because if he does 
not, the entire race will be annihilated. 

I am man’s benefactor for long life, peaceful pursuits, foods in 
plenty, and the stimulus to traffic and commerce. 

As man travels from the cradle to the grave I am his benefactor, 
helper, and conserver and even preserve his mortal body for future 
generations and _ history. 

I am a chemist. 








~ 








Types of Thought Questions in General Science Text 
Books and Laboratory Manuals 


Harry A, CunnrncuamM, The University of Kansas. 


Some four years ago, when I was principal of a high school in 
central Illinois, I received, from the Bureau of Educational Re- 
search of the University of Illinois, a bulletin giving twenty dif- 
ferent types of thought questions. The purpose of the bulletin 
was to find out the extent of the use of the different types of 
thought questions in actual school practice and to get the teach- 
ers’ judgment of the relative difficulty of the different types. Many 
of us, who received that questionnaire, had never before been con- 
scious of the fact that there were so many definite and distinct 
types of thought questions. In practice, we had been using a very 
few types, such as, “pure memory,” “discuss,” and “selective re- 
call.” During the past summer, I assigned my class in the “Teach- 
ing of General Science” the task of finding out what types of ques- 
tions are most often used in general science text books and labora- 
tory manuals. All except the first two types of questions are 
taken from the Illinois bulletin. The list follows: 

1. Pure memory questions. 

2. Questions involving observation only. 

3. Selective recall—hasis given. 

!. Compare two things on a single designated basis. 

5. Compare two things in general. 

6. Decision—for or against—choice or preference. 

i. Give causes or effects. 

8. Explain the use or meaning of some phrase or statement in 


a passage. 





9. Summarize—some unit in the text, article read, or experi- 
ment performed. 

10. Analyze. (The word itself is seldom involved in the ques- 
tion. ) 

11. State relationships. 

12. Classify. (Usually the converse of 18.) 

13. Give illustrations or examples (your own) of principles. 

14. Evaluating recall—basis given. 
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15. Suggest or make applications of rules or principles in new 
situations. 

16. Discuss. 

17. Questions of aim—author’s purpose in his selection or or- 
ganization of material. 

18. Criticize some statement—as to adequacy, correctness, or 
relevancy of a printed statement. 

19. Give a brief outline. 

20. Reorganize facts learned in one organization on a new basis. 
(A good type of review question to give training in organization.) 

21. Questions on new methods of procedure. 

22. Questions on problems and questions raised. What ques- 
tion came to your mind? What else would have to be known in 
order to understand the matter under consideration ? ete. 

In the following table we have represented the number of ques- 
tions of each type occurring in ten general science text books and 
laboratory manuals. In the table below, A. C. E. G. H. I, and J 
represent text books; B, D, and F, represent laboratory manuals. 

From the table, we can see that more than one half of all the 
questions involved in this study are either pure memory questions 
or observational questions. Observation is an important step in 
scientific thinking and the step which natural science is best able 
to give, but it must be looked upon as only one step in a process 
and not as an end in itself. If our training goes no further than 
the development of memory and observational powers, we cannot 
expect to give efficient training in scientific thinking. Are we 
really training students to think scientifically ? 

For two years, I gathered data, from four classes in natural 
science, bearing upon this point. Practically all laboratory ex- 
periments were written up under three headings: (1) what was 
done; (2) what happened; (3) an explanation of what happened. 
For each experiment, the number of points that should be in- 
cluded in a complete “write-up” under each heading was listed. 
The number of points made by each individual, under each head- 
ing, was then counted and the score under each heading was calcu- 
lated by dividing the number of points made by the student by 
the number that should have been made. The accompanying graph 
shows the total scores made, under such a procedure, by two classes 
during one year of work. ‘This graph is typical of all the graphs 
that I have seen bearing upon this point. 
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Graph No. 1—The type of graph obtained when laboratory work is 
written up and scored under the headings given in Graph. 


Under “what was done,” we are dealing mostly with memory. 
Under “what happened,” observation is the important thing. Un- 
der the “explanation,” scientific thinking is the factor most impor- 
tant. It would seem that we are succeeding fairly well in giving 
training in memory and observation. Scientific thinking is the 
thing that is lacking. We, as science teachers, are evidently mak- 
ing an absolute failure in our efforts to attain one of the impor- 
tant aims of natural science teaching. Why are we failing? 

From a study of the accompanying table, it is clear that writers 
of text books and laboratory manuals are absolutely unconscious 
of the fact that there are many different and distinct types of prob- 
lems. Teachers, as a group, are, of course, much less aware of 
types of problems, if such a thing can be possible. 

In general science, we often have a student jot down a point or 
two in answer to a question and then settle back in his seat think- 
ing his task is done. When his attention is called to the fact that 
his answer is very incomplete and when the points that should 
have been included are mentioned, he very often says, “Why, I 
knew that.” What, then, was the trouble? In many such cases, 
the trouble is not a lack of knowledge of the subject but the lack 
is in not knowing what is involved in a complete answer to a 
problem of the particular type under consideration. Such a stu- 
dent needs training in restating his problems and in breaking them 








Types oF THOUGHT QUESTIONS 95 


up into questions. He needs to have in mind just how to proceed 
to give a complete answer to a “selective recall” question; to a 
question involving cause and effect; to a question in which two 
things must be compared “on a single designated basis”; and 
even when he is asked to discuss a topic. He needs training in best 
methods of solving his problems. 

We, as teachers, need not only to be conscious that there are a 
very great number of types of problems but we need to be con- 
scious that there is a best method to follow in solving each type. 
We need, furthermore, to know definitely just what that best 
method is, When this consciousness has once dawned upon us, as 
teachers, we need to pass it on to our students in natural science. 
Before they leave us, they should have stored away in their minds 
samples of the various types of problems and samples of the best 
method to follow in solving each type; so that, when they get out 
into the world, they will be more able to classify the problems of 
life as they arise and use the best method in their solution. ’ This, 
of course, means training in the ability to recognize the identical 
elements in different situations. 

Teachers of secondary school pupils must become students of 
mental processes. Much time must be spent in determining just 
what study skills and abilities are necessary for our particular 
subject. After these skills and abilities have been settled upon, 
we must take these as our objectives and use our subject matter 
in order to attain them. When such an attitude toward our teach- 
ing job is adopted, many of our present methods of selecting and 
organizing subject matter will be changed and our class room tech- 
nique will be revolutionized. By some such procedure, we shall go 
far in advancing the pedagogy of natural science teaching, and in 
discovering the mental processes involved in scientific thinking. 











The Fifth Estate* 
Artuur D. Litrie, Charles River Road, Cambridge, Mass. 

BENJAMIN FRANKLIN was not perhaps in all respects a para- 
gon, but he was unquestionably a polygon—a plain figure with 
many sides and angles. There were not enough buttons on his 
black coat to tell off the multifarious aspects in which his complex 
personality was presented to the world. He was craftsman and 
tradesman; philosopher and publicist; diplomat, statesman, and 
patriot. And he was, withal, a very human being. What con- 
cerns us particularly on this occasion is the fact that he was at 
once philosopher and man of affairs. His remarkable career should 
refute forever the fallacy, which, unfortunately, still is current, 
that the man of science is temperamentally unfitted for the prac- 
tical business of life. 

At the time when Franklin was in England the British Par- 
liament was assumed to be composed of representatives of three 
estates—the lords spiritual, the lords temporal, and the commons; 
but Edmund Burke, pointing to the Reporters’ Gallery, said, 
“There sits a Fourth Estate, more important far than they all.” 
No one at all familiar with the ubiquitous influence and all-per- 
yading power of the press would today question the validity of 
Burke’s appraisal. Even then, however, there was present in Eng- 
land, in the person of Benjamin Franklin, a prototype and exem- 
plar of the membership of a Fifth Estate—an estate destined to 
play an even greater part than its predecessors in the remaking 
of the world. 


Its MEMBERSHIP. 


This Fifth Estate is composed of those having the simplicity 
to wonder, the ability to question, the power to generalize, the 
capacity to apply. It is, in short, the company of thinkers, work- 
ers, expounders, and practitioners upon which the world is abso- 
lutely dependent for the preservation and advancement of that 
organized knowledge which we call science. It is their seeing eye 
that discloses, as Carlyle said, “the inner harmony of things; what 





*Delivered at the Centenary celebration of the founding of the Franklin 
Institute and the inauguration exercises of the Bartol Research Foundation, 
Philadelphia, Pa., September 19, 1924. Published in ‘Journal of The Frank- 
lin Institute’ (Nov., 1924), The ‘Atlantic Monthly” (Dec., 1924), and ‘“In- 
dustrial and Engineering Chemistry” (Nov., 1924). 
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Nature meant.” It is they who bring the power and the fruits 
of knowledge to the multitude who are content to go through life 
without thinking and without questioning, who accept fire and the 
hatching of an egg, the attraction of a feather by a bit of amber, 
and the stars in their courses, as a fish accepts the ocean. 

The curious deterioration to which words are subject has left 
us with no term in good repute and common usage by which the 
members of the Fifth Estate may properly be characterized. Soph- 
ists are no longer distinguished for wisdom: they are now fallacious 
reasoners. Philosophers, who once claimed all knowledge for their 
province, are now content with speculative metaphysics. Scholars 
have become pupils. The absent-minded and myopic professor is 
a standardized property of the stage and screen. The expert, if 
not under a cloud, is at least standing in the shade. In Boston 
one hesitates to call a professional man a scientist—he may be a 
Presbyterian; and a “sage,” as an anonymous writer has pointed 
out, “calls up in the average mind the picture of something gray 
and pedantic, if not green and aromatic.” Let us, therefore, for 
a time at least, escape these derogations and identify ourselves as 
members of the Fifth Estate. 

Although the brotherhood of the Estate is open to all the world, 
its effective membership nowhere comprises more than an insig- 
nificant proportion of the population. Two hundred and fifty 
constitute the membership of the National Academy of Sciences. 
The latest edition of “American Men of Science” includes only 
about ninety-five hundred names. The number is expanded to 
twelve thousand eight hundred on the roll of the American Asso- 
ciation for the Advancement of Science. Although gathered from 
all countries and though chemistry is one of the most active and 
inclusive sciences, the chemical papers, books, and patents reviewed 
in Chemical Abstracts in 1923 were the product of about twenty- 
two thousand workers. One may hazard the estimate that there 
are not in all the world one hundred thousand persons whose cre- 
ative effort is responsible for the advancement of science. 

Irs ORIGINS. 

The studies of Cattell indicate that in America, at least, the 
great majority of men of science come from the so-called middle 
and upper classes, or precisely those sections of society which in 
Russia have been practically exterminated in the name of the new 
Social Justice. In about two-thirds of Cattell’s reported cases 
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both parents were American-born, while the fathers of nearly 
one-half were themselves professional men. Seventy-five per cent 
are dependent upon the universities for support, from which we 
may assume that the burden of the higher surtaxes does not bear 
heavily upon the Fifth Estate. 

In proportion to population the cities have produced twice as 
many scientific men as the country, but how many “hearts once 
pregnant with celestial fire” repose in country churchyards be- 
cause of lack of opportunity and absence of the stimulus of con- 
tact, cannot, of course, be known, nor can we tell how many brains, 
competent and equipped to penetrate the mysteries of nature, the 
war has cost the world. 

Initiative is one of the rarest mental qualities, yet without it 
progress is impossible. Its combination with the scientific imag- 
ination and command of fact is still rarer and more precious. 
Since comparatively few of those who study science develop the 
capacity to extend its borders, the cost of a man competent to 
advance science has been estimated at five hundred thousand dol- 
lars and his value to the community set at a far greater figure. 
Full membership in the Fifth Estate thus seems to involve the 
highest initiation fee on record. It is a figure disconcerting to 
the candidate, but as Wiggam has finely said, “Only genius can 
create science, but the humblest man can be taught its spirit. He 
can learn to face truth.” 

Irs TERRIFYING LANGUAGE, 

That the Fifth Estate is not better appreciated or always under- 
stood by the world at large is not surprising. In their endeavors 
to secure accuracy of definition and expression its members have 
evolved a preposterous and terrifying language of their own. It 
is not ideally adapted to the interchange of confidences in ordinary 
human intercourse. It does not lend itself to poetry. “Ladybird, 
ladybird, fly away home” becomes impossible when one is forced 
to address the prettily spotted beetle as Coccinella dipunctata. A 
primrose by the river’s brim is much more than a yellow primrose 
to the botanist: it is a specimen of Primula vulgaris. The organic 
chemist produces a new synthetic product in a mass of pilular 
dimensions and bestows upon it a name that would slow up Arc- 
turus. Nothing but static interference can account for the terms 
of radio telephony. If knowledge is to be humanized it must 
first be translated. 
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Dewar has said that the chief object of the training of a chemist 
is to produce an attitude of mind. It should be the object of all 
education to produce the scientific attitude toward truth. We may 
even agree with Robinson that “of all human ambitions an open 
mind, eagerly expectant of new discoveries and ready to remold 
conviction in the light of added knowledge and dispelled ignorances 
and misapprehensions, is the noblest, the rarest, and the most 
difficult to achieve.” 

Carlyle says, “The degree of vision that dwells in a man is a 
correct measure of the man.” And President Coolidge has been 
quoted as saying in a recent interview: 

“Everything flows from the application of trained intelligence, 
and invested capital is the result of brains. 

“The man of trained intelligence is a public asset. 

“We go forward only through the trained intelligence of indi- 
viduals, but we, not the individuals, are the beneficiaries of that 
trained intelligence. In the very nature of things we cannot all 
have the training but we can all have the benefits.” 

Now vision, a trained intelligence, and an open mind are the 
qualities which characterize all those who are worthy of member- 
ship in the Fifth Estate. They are qualities which the many- 
sided Franklin possessed in exceptionally high degree. 

FRANKLIN, Irs Prororyrr. 

Among all the activities with which his busy life was crowded, 
Franklin undoubtedly found his greatest pleasure in the pursuit of 
science, and in that pursuit he followed the eclectic method. At 
a time when nearly everything awaited explanation his focused 
attention ranged like a searchlight over many fields. He observed 
the movement of winds and developed a theory of storms. He con- 
sidered ventilation and the causes of smoky chimneys and pro- 
ceeded to invent new stoves. He introduced the Gulf Stream to 
Falmouth skippers and demonstrated the calming effect to oil on 
turbulent seas to officers of the British Navy at Portsmouth. From 
earthquakes he turned to the heat absorption of colored cloths and 
the fertilizing properties of gypsum. He wrote on sun spots and 
meteors; waterspouts, tides, and sound. The kite, which for cen- 
turies had been the toy of boys, became in Franklin’s hands a 
scientific instrument, the means to a great discovery. That its 
significance is, even now, not universally appreciated is shown by 


“ 


the recent answer of a schoolboy, “Lightning differs from elec- 
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tricity because you don’t have to pay for lightning.” To Frank- 
lin, as the child of every man knows, we owe our initial concep- 
tions of positive and negative electricity, and he was the first to 
suggest that the aurora is an electrical phenomenon. 

The gregariousness which is a prominent characteristic of the 
Fifth Estate found early expression in Franklin. He formed The 
Junta, a club for the discussion of morals, politics, and natural 
philosophy, and in 1744 drew up a proposal for the organization 
of the American Philosophical Society, of which later he became 
president. He established a wide acquaintance and cemented many 
firm friendships among the foremost scientific men of France and 
England, by whom he was received on equal terms. In 1753 he 
was awarded the Copley Medal of the Royal Society for his dis- 
coveries in electricity, and on his leaving England, David Hume 
wrote: “I am sorry that you intend soon to leave our hemisphere. 
America has sent us many good things, gold, silver, sugar, tobacco, 
indigo, but you are the first philosopher and indeed the first great 
man of letters for whom we are beholden to her.” 

Irs Sprrit OF SERVICE. 

The professional spirit which animates the Fifth Estate is essen- 
tially one of service. Its compelling urge in the search for truth 
springs from the conviction that the Truth shall make men free. 
That spirit finds complete expression in Franklin’s statement: “I 
have no private interest in the reception of my inventions by the 
world, having never made, nor proposed to make, the least profit 
by any of them.” This impersonal relation to the children of his 
brain was indeed carried by him to an extent which ordinary hu- 
man nature would find hard to emulate. “I have,” he writes, 
“never entered into any controversy in support of my philosophical 
opinions; I leave them to take their chance in the world. If they 
are right, truth and experience will support them; if wrong, they 
ought to be refuted and rejected.” There is, neverthless, a place 
for militancy in science. The world needs a Huxley for every 
Bryan. 

Franklin was a man of science, but his career proclaims that it 
is possible to be a man of science and much more besides. Science 
was made for life, and life is more than science. Art in its fullest 
expression may touch deeper springs; human relations and affec- 
tions may bring richer rewards, and public affairs may make a 
more imperious claim. With Franklin as their prototype the mem- 
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bers of the Fifth Estate may well strive to emulate his devotion 
to the public service and his broad and constructive interest in 
human problems and affairs. 

Error and misconception have a feline tenacity of hold upon life, 
and the Fifth Estate, though richly endowed with latent executive 
capacity, is still in popular opinion regarded as equipped for 
thought rather than for action. The practical man, busily engaged 
in repeating the errors of his forefathers, has little time and less 
consideration for the distracting theories and disconcerting facts 
of the man of science. Yet who, among the men of action, is more 
intensely and truly practical than Carty, Baekeland, Reese, or 
Whitaker? Where shall one find a firmer grasp on the details 
of business than that possessed by E. W. Rice, Jr., Gerard Swope, 
or Dr. Nichols? What quality caused the young director of a re- 
search laboratory to find himself responsible for the production 
of gas masks to protect four millicn fighting men? In a time of 
dire emergency it was a professor of chemistry who organized the 
great Edgewood Arsenal and developed the means and methods 
and the trained personnel required to supply munitions for a new 
type of warfare. It was not to a statesman or a business man or 
a great manufacturer that the Allies entrusted the supreme com- 
mand. It was to a teacher in a French military school. The 
range and value of their public service obscures the fact that 
Charles W. Eliot was a professor of chemistry and that Hoover is 
an engineer. The League of Nations is the child of a schoolmaster. 

Numerically, the Fifth Estate has always been feeble and insig- 
nificant. Its total membership at any time could be housed com- 
fortably in a third-rate city. No politician makes a promise or 
invents a phrase to attract its scattered and ineffective vote. Rarely 
do its members sit in Congress; when they do, they sit in the 
gallery. 

Irs ACCOMPLISITMENT. 

With less political influence than the sparse population of Ne- 
vada the Fifth Estate has recast civilization through its study and 
application of “the great and fundamental facts of Nature and 
the laws of her operation.” It has opened out the heavens to depths 
bevond imagination, weighed remote suns and analyzed them by 
light which left them before the dawn of history. It has moved 
the earth from the center of the universe to its proper place within 
It 


the cosmos. has extended the horizon of the mind until its 
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sweep includes the thirty thousand suns within the wisp of smoke 
in the constellation Hercules and the electrons in their orbits 
within the atom. It has read the sermons in the rocks, revealed 
man’s place in nature, disclosed the stupendous complexity of 
simple things, and hinted at the underlying unity of all. 

Because of this new breadth of vision, this lifting of the corner 
of the veil, this new insight into the hidden meaning of the things 
about him, the mind of man, cramped for ages by taboos and bound 
by superstition, is emerging into freedom; into a new world, rich 
in promise and of surpassing interest and wonder. 

Man brought nothing into the world and through long and pain- 
ful ages he added little to that nothing: a club, an ax of stone, a 
pebble in a sling, some skins of beasts, a rubbing of sticks for a 
fire. He might labor, but to what avail? Even today the South 
American Indian works incessantly; yet his labor produces little 
more than heaps of stones. ‘To those who would have us believe: 
that all wealth is produced by labor the Fifth Estate replies, 
“Wealth is the product of brains, and labor is productive only as 
it is guided by intelligence.” 


Tue EMANCIPATOR OF LABOR. 


Science is the great emancipator of Labor. Bagehot has some- 
where said, perhaps in “Physics and Politics,’ that during the 
early stages of civilization slavery was essential to progress because 
only through the enforced labor of the many could the few have 
leisure to think. Today, in the United States, the supply of avail- 
able energy is equivalent to sixty-man power for every man, woman, 
and child. There is now leisure for all to think, but the millions 
prefer the movies. 

It is not Labor, but the trained intelligence of the Fifth Estate 
which has endowed man with his present control of stupendous 
forces. It has solved problems that for ages have hindered and 
beset mankind. It has revealed great stores of raw materials, 
synthesized scores of thousands of new compounds, furnished the 
fundamental data which find embodiment in machines and 
processes and in those agencies of transportation and communica- 
tion that have made of the world a neighborhood. It has enabled 
man effectively to combat disease, added years to the average life, 
and made it better worth the living. 
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Coup Frankurn Return! 


Benjamin Franklin died in 1790—one hundred and thirty-four 
years ago. Could he return to make appraisal, what wonders would 
confront his astonished vision, what triumphs of the Fifth Estate 
compel his admiration ! 

Electricity, which to his contemporaries was little more than 
an obscure force, the curious manifestations of which might sup- 
ply an evening’s entertainment, has become the structural basis 
of the universe. The atom of Democritus is now a microcosm, 
vibrant with energy that glows in the white light of the electric 
lamps, which have replaced the tallow dip. In place of the elec- 
trophorus and the charges of the Leyden jar he would find in our 
own country alone twenty-seven million horsepower driving gen- 
erators in thousands of stations, from which electric energy is dis- 
tributed to our homes and factories and transportation lines to 
perform innumerable services. Imagine, if you can, the stunning 
impact of the impressions that would crowd the day of his return. 
With what amazement would he converse over a wire from Phila- 
delphia to San Francisco or hear a voice transmitted through the 
ether from a point halfway around the world. So commonplace 
a thing as a street car would leave him open-mouthed with won- 
der, which might well increase at sight of an electric locomotive, 
hauling its hundreds of tons of freight. 

In great industrial plants he would find electricity driving ma- 
chines of an intricacy, precision, and productive power beyond the 
imagination of his generation, or at work in decomposing cells 
and in the heart of glowing furnaces fashioning new products. In 
university and corporation laboratories would be revealed to him 
the marvels of the X-rays, photography, the fascinating world of 
the microscope, balances weighing 1/100,000th of a milligram, 
the spectroscope, and all those instruments of precision and re- 
search which are the tools of the Fifth Estate. Elements unknown 
to him would be placed in his hand; fascinating experiments per- 
formed to demonstrate properties and relationships beyond his 
dream. The air, which he studied with reference to winds, com- 
bustion, and ventilation, would be reduced before him to a liquid 
as obvious as water, though boiling on a cake of ice. 

Where once the post boy and the post chaise were familiar he 
would find our roads crowded with automotive vehicles and the 
country gridironed by the railways. Did he wish to send a letter 
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across the continent, he would have only to commit it to the air 
mail to insure its arrival in thirty-six hours. Were he called upon 
to revisit England, there would be no ten-week voyage in a sailing 
packet, but the speed and luxury of a fifty thousand ton liner, oil 
fired and turbine driven. At Portsmouth, where he calmed the 
waves with oil, he would find, instead of wooden frigates and 
smooth-bore cannon, submarines and armored superdreadnaughts, 
a single gun of which sink the entire British Navy as he knew it. 
Did he wish to proceed to Paris, he would have only to take pas- 
sage in an airplane. 
HEREDITY AND PEAs. 

The gardeners Franklin knew grew peas for pleasure or profit. 
Mendel grew them and established the laws of heredity. Farming, 
which was a wholly empirical occupation, is now the special con- 
cern of a great governmental department devoted to the develop- 
ment of scientific agriculture. Here Franklin would learn of soil 
analysis and seed selection, of hardier and more prolific varieties 
of plants, of better breeds of animals, of methods of control of 
such virulent diseases as splenic fever, anthrax, hog cholera, and 
bovine tuberculosis. He would find his own experiments with 
gypsum extended to cover the whole field of chemical fertilizers, 
the air itself converted into an inexhaustible reservoir of plant 
food, and the efficiency of farm labor multiplied many times by 
ingenious agricultural machines. 

He would find household economics revolutionized: the town 
pump replaced by running water; electricity a servant in the house ; 
the food supply broadened and stabilized; domestic drudgery as- 
sumed by laundry, bakery, and factory; tasteful clothing within 
the reach of all; transportation and amusement for the multitude; 
and the history of yesterday sold for a penny. Innumerable new 
industries, based on the findings of the laboratory, now offer the 
means of decent livelihood to millions and open careers to thou- 
sands. 

In great hospitals, permeated with the scientific spirit and 
equipped with many new and strange devices for the alleviation 
of human suffering, he would hear of the incaleulable benefits 
which medical and surgical science have conferred upon mankind. 
He would see the portraits and listen to the story of Pasteur and 
Lister and Loeb and Ehrlich. We know today with what joy 
and relief the world would welcome a veritable cure for cancer, 
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but we can little realize the emotion with which one like Frank- 
lin would learn in a single afternoon of the germ theory of disease, 
of preventive serums, of antisepsis, of chemotherapy, of the mar- 
velous complexity of the blood stream, and the extraordinary influ- 
ence and potency of the secretions of the ductless glands. What 
appraisal would he make of the service to humanity which, in 
little more than a generation, has mitigated the horrors of surgery 
by the blessings of anesthesia and antisepsis; which has controlled 
rabies, yellow fever, typhoid fever, tetanus; which is stamping out 
tuberculosis, curing leprosy, and providing specifics for other 
scourges of the race. What values would he put on insulin, thy- 
roxin, adrenalin? The physician is no longer compelled to rely 
on herbs and simples and drastic mineral compounds of doubtful 
value and uncertain action. Compounds of extraordinary potency, 
isolated or synthesized by the chemist, are now available to allay 
pain correct disorders, prolong life, and even to restore mentality 
and character. 
CHEWING GUM vs, RELATIVITY. 

With contributions to their credit, which have so enriched and 
stimulated the intellectual life; which have brought the peoples 
of the earth together into closer touch than English shires once 
were; which have revolutionized industry, enlarged the opportunity 
of the average man, and added so greatly to his comfort and well- 
being, we may reasonably inquire, “What are the recompenses of 
the Fifth Estate?” 

On the material side they have almost invariably been curiously 
inadequate and meager. It is incomparably more profitable to draw 
“The Gumps” for a comic supplement than to write “The Origin 
of Species.” There is more money in chewing gum than in rela- 
tivity. Lobsters and limousines are acquired far more rapidly by 
the skilful thrower of custard pies in a moving-picture studio than 
by the no less skilful demonstrator of the projection of electrons. 
The gate receipts of an international prize fight would support a 
university faculty for a year. 

One may recall that Lavoisier was guillotined by a republic that 
“had no need of chemists,” that Priestley was driven from his 
sacked and devastated home, that LeBlanc, after giving the world 
cheap alkali, died in a French poorhouse, that Langley was crushed 
by ridicule and chagrin in his last days. A month before the war 
who could have believed that within a few years the Fifth Estate 
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in Russia would be utterly destroyed and in Germany and Austria 
existing at the very edge of starvation. What has happened there 
may happen again elsewhere if the intelligence of the world does 
not assume and hold its proper place in the direction of national 
and world affairs. 

In the preface to his recent “Lehrbuch der Photochemie,” Pro- 
fessor Plotnikow has written: “Home and property were pillaged 
by bands of idle Russians who used my library for cigaret papers. 
Hunger, misery, want, and personal insecurity, often approaching 
fear for my life, were the constant accompaniment of my labors.” 

One is reminded that Carlyle, on the authority of Richter, says: 
“Tn the Island of Sumatra there is a kind of ‘Light-chafers,’ large 
Fire-flies, which people stick upon spits, and illuminate the ways 
with at night. Persons of condition can thus travel with a pleas- 
ant radiance, which they much admire. Great honor to the Fire- 
flies, but i” 

It is not becoming that the world expect the light to shine in- 
definitely, when carrying a lantern is often less remunerative than 
carrying a hod. The money and the years of study required for 
special training are not recognized as invested capital, and the 
return from a decade of research is often taxed as the income of 
a year. Professorial salaries move forward as slowly as a glacier, 
but they seldom leave a terminal moraine. Yet teaching is our 
most important business, for a failure to pass on for a single gen- 
eration the painfully accumulated knowledge of the race would 
return the world to barbarism. 

Though material wealth is rarely acquired by the Fifth Estate, 
they have the riches of the royal man, defined by Emerson as “he 
who knows what sweets and virtues are in the ground, the waters, 
the plants, the heavens, and how to come at these enchantments.” 
Their wealth is in the Kingdom of the Mind. It is inalienable 
and tax-exempt. It may be shared and yet retained. 

A recent survey by a national magazine would seem to indicate 
that the majority of men have drifted into their vocations with 
little effort of selection and that a very large proportion ultimately 
regret their choice. This is seldom true of members of the Fifth 
Estate. Theirs is a true vocation, a calling and election. It brings 
intellectual satisfactions more precious than fine gold. They live 
in a world where common things assume a beauty and a meaning 
veiled from other eyes; a world where revelation follows skilful 
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questioning and where wonder grows with knowledge. Together 
they share the interests, the communion of spirit, the labors and 
the triumphs of the fraternity of Science. The Law of Diminish- 
ing Returns exerts a control from which there is no escape in agri- 
culture, industry, and business. Research alone is beyond the 
twelve-mile limit of its inhibitions. 
THe SPIRITUALITY OF SCIENCE. 

If “the Heavens declare the glory of God,” that glory is surely 
made more manifest by telescope and spectroscope. If the whirl- 
ing nebulae and the stars in their courses reveal omnipotence, so 
do the electrons in their orbits reveal His presence in universes 
brought into being by the striking of a match. The laboratory 
may be a temple as truly as the church. The laws of Nature are 
the Will of God, their discovery is a revelation as valid as that 
of Sinai, and by their observance only can man hope to come into 
harmony with the universe and with himself. 

There has been a general and ready acceptance by the world of 
the material benefits of science, while its contributions to sociology 
and ethics are as generally ignored as guides to human conduct. 
Yet science proclaims new commandments as inflexible as those 
engraved on stone and furnishes what Wiggam has reverently 
termed “the true technology of the Will of God.” 

SCIENCE AND POLITICs. 

Science has so drawn the world together and so rapidly remolded 
civilization that the social structure is now strained at many points. 
Statecraft and politics, law and custom lack the plasticity of sci- 
ence and are now in imperfect contact with the contours of their 
new environment. The result, as events have shown, is friction 
and confusion. Though our civilization is based on science, the 
scientific method has little place in the making of our laws. Office 
does not seek the man in the laboratory, and candidates are not 
pictured as engaged in any activity that might suggest a superior 
intelligence. They are shown milking cows, pitching hay in new 
blue overalls, or helping with the family washing. Recently, in 
the senate of a New England state, there was presented the edify- 
ing spectacle of the presiding officer being shaved by a barber, 
called to the rostrum, while senators were reading the encyclo- 
pedia into the record. To expedite further the public business sun- 
dry members of the chamber were presently gassed with bromine. 
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Does not this suggest that a few chemists might with advantage 
be distributed among our legislative bodies ? 

It is claimed that fifty per cent of the members of state legis- 
latures in America have never been through high school and that 
only one in seven has been through college. We see in the ranks 
of science knowledge without power and in politics power without 
knowledge. An electorate, which regards itself as free, listens to 
the broadcasted noise of manufactured demonstrations and is blind 
to the obvious mechanics of synthetic bedlam. The result is too 
often government by gullibility, propaganda, catchwords, and slo- 
gans, instead of government by law based on facts, principles, in- 
telligence, and good will. 

As President Stanley Hall once said, “Man has not yet demon- 
strated that he can remain permanently civilized.” Many thought- 
ful people have been led to question the utimate effect of science 
upon civilization. We all recognize the utility of matches, but we 
keep them away from children. Meanwhile, science puts dynamite 
and TNT, poison gas, airplanes, and motor cars at the disposal 
of criminals and the leaders of the mob. Russell, in “Icarus,” 
sees in science the ultimate destroyer. Haldane, in “Daedalus,” 
visualizes it as the stern and vigorous chastener and corrector 
which will ultimately save the race and usher in the new day of 
light and reason. 

“Knowledge comes but Wisdom lingers,’ 
down as well as up. Even in Boston cigars have replaced books 
on a corner famous for a century of literary associations. The 


? and Democracy levels 


world is wrong because few men can think. It will not be made 
right until those who cannot think trust those who can. When 
its foundations are so obviously out of joint humanity still clings 
tenaciously to fossilized precepts and opinions and is as resentful 
of suggested change as in the days of Galileo. Despite the pres- 
sure of new ideas, education must still, to be acceptable, follow 
old conventional lines. 


Tur Wortp as It Is 


Let us not deceive ourselves. Human life is still a hard and 
fearsome thing. Mankind is required to maintain existence in a 
world in which, as Kipling has said, “any horror is credible.” 
More than a hundred years ago De Quincey wrote: “We can die, 
but which of us, knowing as some of us do, what is human life, 
could, were he consciously called upon to do it, face, without 
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shuddering, the hour of birth.” But little more than yesterday 
Henry Adams closed his “Education” with the expression of the 
hope that perhaps some day, for the first time since man began 
his education among the carnivores, he would find a world that 
sensitive and timid natures could regard without a shudder. 

Everywhere there is upheaval and unrest. “The machine,” to 
quote Dr. Elton Mayo, “runs to an accompaniment of human rev- 
erie, human pessimism, and sense of defeat.” 

We are everywhere overburdened by unnecessary illness, crush- 
ing taxation, extravagant and inefficient governments, huge expen- 
ditures for trivialities, and the appalling waste of effort, material, 
and resources. We are hampered by class suspicion and misunder- 
standing, racial antagonisms, the inhibitions of organized labor, 
and the lack of imagination in high places. Life in general is on 
a low cultural plane and bound by custom and tradition. 

One hundred years of science have failed to satisfy the cravings 
of humanity. Chesterton finds science “a thing on the outskirts 
of human life—it has nothing to do with the center of human life 
at all.” We do not, of course, agree with him, but we must still 
meet the challenge of John Jay Chapman, who declares: “Sci- 
ence, which filled the air with so large a bray, is really a branch 
of domestie convenience, a department for the study of traction, 
cookery, and wiring. The prophet-scientists have lived up to none 
of their prospectuses.” The fault, however, as Wiggam points out, 
is not with science, nor with the scientists. It is with those who 
“have mainly used the immense spiritual enterprise of science to 
secure five-cent fares, high wages, and low freight rates,’ when 
it should have “ushered in a new humanism.” 

Thus we still encourage race deterioration, still carry the burden 
of the unfit, still cultivate national antipathies, still are breeding 
from poor stock, and witnessing with equanimity the suppression 
of the best. 

The history of aristocracies, feudalism, the church, the guilds, 
and the soviets has amply demonstrated that no one class possesses 
the qualities required for the government of all classes, and we 
cannot claim them for the Fifth Estate. We can, however, claim 
with full assurance that the Fifth Estate possesses many qualities, 
now practically ignored, which could be utilized in government to 
the incalculable advantage of us all. Its knowledge of material 
facts, of natural and economic laws, of the factors governing race 
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development and human relations; its imagination, vision, and its 
open mind should be brought to bear effectively in the formulation 
of national policies and the solution of governmental problems. 
There is an alternative before us, which has recently been defined 
with somewhat surprising frankness by Warren 8. Stone, president 
of the Brotherhood of Locomotive Engineers, perhaps the most 
conservative of the labor unions. Mr. Stone says: 

“But until labor, in the inclusive sense in which I am using it, 
secures control of legislative and executive branches of the national 
and state governments, and through control of the executive branch 
secures control of the judiciary, labor is in continuous peril of 
seeing its gains wiped out and its progress retarded, by hostile 
legislation or unfriendly court decisions.” 

Our countrymen may well consider whether they prefer partic- 
ipation in government by the Fifth Estate to the benefit of all or 
control of government by labor unions in the interest of labor. 


Tue Wortp As It Miant Br. 


Since most of the troubles that beset mankind have their origin 
in human nature, it would seem worth the while of those who make 
our laws to study and apply the findngs of the biologists as to 
what Human Nature really is and the springs of its motivation. 

Plato called Democracy “the best form of bad government.” It 
will be the best form of good government only as it develops the 
capacity to breed leaders and the faith to trust them. The quality 
of our children will determine the quality of our democracy. If 
our laws and mores and economic structure continue to discourage 
breeding from our best strains, if there is to be no adequate rec- 
ompense for service of the higher types, the time is not far dis- 
tant when Democracy will not longer be safe for the world. If 
the Fifth Estate were everywhere to be wiped out, as it has been 
in Russia, the result would be vastly more calamitous than uni- 
versal war. 

Oswald Spengler, in a recent monumental work, forecasts the 
Downfall of Western Civilization and would prove his thesis by 
the history of past cultures. But never in the past has man lived 
in so compact a world, never has he had such facilities for inter- 
communication with his fellows, never has he been endowed with 
such control of natural forces. He has never known himself so 
well and, above all, never before has he had it in his power to 
direct so definitely the course of his own development. Our civ- 
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ilization is certainly imperiled, but there will be no downfall if 
mankind can be taught to follow the light already before it. As 
lantern-bearers, it is the clear duty of the Fifth Estate to show the 
way. In the past the world has suffered grievously from lack of 
knowledge; today it suffers from its rejection or misapplication. 
Could the springs of human conduct and the affairs of peoples 
now be regulated only as wisely as we now know how, there would 
be work and leisure and decent living for all. The criminal, the 
defective, the feeble-minded would be breeded out, and sane minds 
in sound bodies breeded in. The loss and suffering from prevent- 
able disease and accident would not be tolerated. Higher standards 
would govern the selection for the public service. Planning would 
replace laissez faire development, and a rational conservation 
check the reckless waste of our resources. Production and distri- 
bution would attain to levels of efficiency altogether new, and the 
many injustices now existent in human relations would well-nigh 
disappear. With the reaction of a freed intelligence on politics, 
religion, morals, we might hope for a broader tolerance, a better 
mutual understanding. With the recognition of the spirituality 
of science and the divinity of research and discovery should come 
larger interests and a new breadth of vision to the average man, 
and to us all acknowledgment of the steadfast purposive striving 
shown in the development of the created world and a reverent 
appreciation of man’s privilege to aid and further this development. 

We might reasonably expect ugliness to be replaced by beauty in 
our cities and small towns and later even in our homes. Govern- 
ment by intelligence for the general good of all should supersede 
government by special interests, blocs, faddists, and fear of organ- 
ized minorities and the uninformed crowd. With it all would 
come relief from the economic pressure, which bears so heavily 
upon the Fifth Estate that its children, which should be counted 
among the best assets of the community, are now a luxury. 

The world needs most a new tolerance, a new understanding, 
an appreciation of the knowledge now at hand. For these it can 
look nowhere with such confidence as to the members of the Fifth 
Estate. Let us, therefore, recognize the obligation we are under. 
Ours is the duty and the privilege of bringing home to every man 
the wonders, the significance, and the underlying harmony of the 
world in which we live, to the end that all undertakings may be 
better ordered, all lives enriched, all spirits fortified. 











The Secrets of Jack Frost Disclosed 
O. E. UNDERHILL, High School, Amesbury, Massachusetts. 


The science class is looking out of the schoolroom window on @ 
cold October morning. 

Alice—Look at all the white frost on the grass. 

John—Isn’t it strange? I wonder where it comes from. 

Alice—Perhaps it comes up out of the ground. 

Mary—Here comes the teacher. We will ask him. He will tell 
us all about it. Teacher, where does all the frost on the grass 
come from? 

Teacher—Where could it come from? 

John—It might come from the ground. 

Mary—Or the air. 

Teacher—Sometmes frost is called frozen dew. 

Charles—Then it must come from the air, because people say 
that dew falls. 

Teacher—Yes, it comes from the air, Charles. Frost is not 
always frozen dew, though. Nor does dew always fall. If dew is 
formed on the grass and then the temperature falls below freezing, 
it would be frozen dew. Usually the frost forms directly on the 
blades of grass. The air near the grass becomes so cold that it 
cannot hold all the water vapor it has, and the water vapor is de- 
posited on the surfaces of things. We call it dew. If the weather 
is cold enough so that the water vapor freezes as it is deposited we 
call it frost. 

Beatrice—What makes the dew come out of the air? 

Alice—The teacher just told you, Bea, that it came out when 
the air was too cold. 

Beatrice—But why? What has the cold to do with it? 

Teacher—Before I answer that question I wish to ask you a few 
in order to refresh your memories on one or two points. How 
much do you remember about what we found out about the air we 
breathe? 

Charles—It is a mixture of a number of things: oxygen, and ni- 
trogen, and— 

Dora—And water vapor— 

Earl—And bacteria and dust— 

Beatrice—And carbon-dioxide. 
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T eacher—Y es, all the things you have named go to make up our 
atmosphere. Keep in mind the water vapor, and the dust, too. I 
think that before we are through with our talk the dust in the 
air will be mentioned again. Now do you remember what I have 
told you about molecules? What can you tell about them? 

Alice—Everything is made up of small particles. ‘The gases 
and water vapor of the air are made up of these particles. They 
are called molecules. They are always moving around and bumping 
into each other. The air has molecules of oxygen and molecules of 
nitrogen, and of carbon-dioxide, and of water vapor. 

Teacher—Yes, that is quite right. What does heat do to these 
molecules ? 

Alice—It makes them move faster and bump harder. 

Teacher—And what does heat do to water? 

Dora—It makes it evaporate. Clothes dry quicker on a dry warm 
day than when it is cold. 

Teacher—True. Heat gives the molecules of water more energy 
which is needed to change them from liquid form to vapor form. 
Warm air supplies more energy to water than cold air can and thus 
warm air will hold more water vapor than the cold air can. Ina 
short time warm air in contact with water will have all the water 
vapor it can hold. Now if the air is again cooled, the molecules 
lose heat and the extra gaseous water molecules change back to 
liquid. These molecules of water vapor come together in groups 
until these groups become large enough to be seen and we have 
little droplets of dew. 

Let us see if we cannot get some water vapor out of the air 
now. I will take this shiny nickle-plated can, fill it half full of 
water, and put a thermometer in it in order that you may be able to 
tell what the temperature of the water is. See, it is 20° C. now. 
Now I will add ice a little at a time, stirring well after each addi- 
tion. 

Charles—See, the can is becoming cloudy. 

Earl—There are drops of water on the outside of the can. 

Dora—lIs that the way dew forms? 

Teacher—Yes. The cold can cooled the air near it, just as the 
earth, as it cools off, cools the air in contact with it, until the dew 
forms. Notice the temperature is now only 3°C. The tempera- 
ture at which dew forms is called the dewpoint.? 
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Alice—What makes the plants cool off so that water is formed 
on them? 

Teacher—When does dew usually form? 

Alice—At night. 

Teacher—Do you think the earth would be any warmer in the 
late afternoon than in the early morning? 

Alice—Yes. 

Teacher—Why ? 

Alice—The sun shining on the earth all day would warm it. 

Charles—The sun’s heat rays would come through the air with- 
out warming it, but when they strike the ground it would get 
warmer. You told us that the sun warmed the earth by radiant 
heat, and that that is the way heat travels by radiation. 

Teacher—lf that is true, why does not the earth keep getting 
hotter and hotter each day the sun shines? 

Charles—After the sun goes down at night the warm earth 
cools off again. 

Teacher—Yes, the heat is radiated from the ground and grass 
and other surfaces. Now you see that if the grass gives off its 
heat fast enough it may become so much cooler than the air in 
contact with it cannot hold all the water that it has picked up 
during the warmer part of the day, and dew is formed. You re- 
member that today, in this room, dew formed at 3° C. If the 
earth cools enough to reach the freezing point, the water vapor 
may be deposited frozen on the blades of grass, or on your win- 
dow; that is, frost is formed. Does anyone remember at what 
temperature water freezes ? 

Charles—32 degrees. 

Teacher—Fahrenheit or Centigrade ? 

Charles—Fahrenheit. That is equal to zero degrees Centigrade. 

Teacher—Now I am going to mix something with the ice (use 
calcium chloride) which will make the temperature lower than 


11 believe that the metric system should be made familiar to boys and 
girls as soon as possible. Its advantages are of course obvious. By ex- 
plaining why it is used by scientists and then continuously talking in it, 
mentioning the English approximate equivalents at the same time, I 
believe the pupil will become more familiar with it than by the usual 
practice of learning the metric tables. I have had many pupils in high 
school chemistry and physics who could glibly recite the tables but who 
could not think in the metric system at all. 


2 From this point a discussion of humidity could easily be worked in. 


~ at 


— 


Secrets OF Jack Frost REVEALED 115 


zero. Now see, the temperature of this mixture is ten degrees be- 
low zero or the freezing point. 

Dora—The water on the outside of the can has frozen. 

Teacher—Yes. That would be frozen dew, if it were formed 
on the ground that way. Now I am going to pour this cold mix- 
ture into another shiny can which is dry on the outside. (Stir for 
two or three minutes.) 

Alice—Oh! White frost is forming on the outside of the can. 

Kari—The other night my mother said it felt like a frost, but 
father said “no” because it was too cloudy. What have clouds to 





do with a frost? 

Teacher—The clouds form a blanket to keep the earth warm. 
The heat cannot radiate away as quickly so the earth does not 
become cold enough to form frost. Winds will prevent a frost 
from forming, too, for they mix up the warm air and cold air, 
so that the air near the earth doesn’t have time to become cold 
enough to cause any water vapor to deposit. A fog might be said 
to be dew deposited in the air. 

Mary—What cools off in the air? 

Teacher—Name over again the things which are found in the 
air. 

Mary—Oxygen, nitrogen, carbon-dioxide, water vapor, dust and 
bacteria. © 

Teacher—Yes. Sometimes it is the rust particles that cause the 
fog. The dust particles radiate their heat, become colder than 
the air, and water vapor condenses on them. Then we have the 
air filled with little particles of water so small and light that they 
are kept floating about in the air. Can anyone tell me of any other 
times when there is water in the air in particles so large that they 
can be seen? 

John—Rain. 

Mary—Mist. 

Teacher—Yes. If the fog droplets are blown together, or 
unite with each other until they get nearly as large as raindrops 
we call it a mist. Where does rain come from? 

Alice—The clouds. 

Teacher—When the mist drops become heavy enough to fall 
we have rain. <A fog or mist is merely a cloud resting on the 
earth. Do you remember when we were studying heat what we 
learned about hot air? 
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Charles—Yes. It rises. 

Teacher—The earth becomes warmed by the sun as we have 
said before, and the air near it keeps fairly warm, but higher up 
the air is always quite cold. Now what would happen when this 
warm air near the earth rises? 

Charles—It would reach a cold place in the sky and the water 
would form a cloud. ' 

Teacher 


warm air near the earth picks up a lot of water vapor and carries 





Exactly. That is just how clouds are formed. The 
it to colder places. This moving around of air at different tem- 
peratures is the cause of winds.* 

Mary—Why the weather is influenced a lot by the temperature 
of the earth, isn’t it? 

Teacher—Can anyone tell me why we get snow in the winter? 

Dora—It is so cold that frost is made in the clouds. 

Teacher—Look at these pictures of snow crystals I have here 
and see how beautiful they are. 

We might talk a long time about the weather, as it is a very 
interesting subject, but we have no more time now. Perhaps some 
time we will discuss how the weather man can tell what the weather 
is going to be. 





3 At this point a discussion on the “drawing power” of the sun,—the 
transfer of water from low lands to high lands,—water power, etc., could 
be brought in. 








Experiments in General Science 
E. J. Brown, Davenport, Iowa. 


GENERAL SCIENCE lends itself to long and varied lists of ex- 
periments. A course may be made up entirely of experiments so 
entertaining and sensational that the real values which may be 
derived from general science are lost entirely. 

The average pupil in our Junior High School has too much of 
the sensational injected into his life. Merely entertaining him, 
instead of leading him to solve every-day sicentific problems, is 
falling far short of obtaining any objective. 

Experiments in general science have a very important place if 
rightly conducted. As an illustration, let us take a project on 
fire prevention. It is well to show the pupil the dangers of gasoline 
explosions, gas explosions, dust explosions, and the principle of the 
carbon dioxide fire extinguishers, but the project should not be 
merely set up as a source of entertainment. The pupil should 
have a vital part in solving the problems involved. 

An experiment is justified only if it helps the pupil to grasp 
the idea. -Every experiment should lead to the solution of a 
problem. If the idea can be put across without the experiment 
it is time and energy wasted to conduct it. 

Then, too, an, experiment should not be followed by lengthy 
descriptions and drawings of the apparatus. For many pupils 
the general science offered in the Junior High School makes up 
the sum total of their scientific knowledge. If we, as general 
science teachers, are awake to our opportunities, we have little 
time for details and technical diversions. 

There are few subjects offered in the Junior High School age 
that can be made to function more completely than general sci- 
ence if properly directed. The thing we need to set up is a point 
of view. Every lesson should be seized as an opportunity of open- 
ing up the great field of science to the pupil and guiding him in 
interpreting his environment intelligently. Thereby leading him 
to become an intelligent citizen, able to function more completely 
in the complex civilization of which he will become a part to- 


morrow. 
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Tetra-Ethyl Lead Used in “Ethyl Gasoline” 


Tur new anti-knock chemical—Tetra-ethyl lead—which is 
added to gasoline, has brought recent publicity to itself through 
the poison victims at the Standard Oil Plant at Bayway, New Jer- 
sey, lead poisoning resulting in acute mania having been produced 
in a number of workers. Professor Henderson of Yale University 
declares in “Science Service” that: 

“There is nothing at all mysterious about this insanity gas of 
Bayway. Among metals of high toxicity lead ranks only a little 
below arsenic and mercury. It is the most highly cumulative 
poison known. Individual susceptibility to lead varies more widely 
than to any other poison. Some persons are affected by slight ex- 
posure, others are relatively resistant to large doses. Lead poison- 
ing manifests itself in more different forms than any other intoxi- 
cation. When contained in food or water it is readily absorbed 
and in some forms it appears also to be absorbed through the 
intact skin. 

“The total amount that need be absorbed through any channel 
in susceptible persons is very small in order finally to induce a 
toxic effect. This effect may appear suddenly without previous 
warning and then be acute. A single milligram of lead per day 
for some months may induce illness. Slightly larger amounts for 
a shorter time have a similar effect. The commonest symptoms 
are intense abdominal pain, called “painter’s colic,” muscular paral- 
ysis, particularly wrist drop, loosening and loss of teeth, emacia- 
tion and abortion in women. Young women are peculiarly sus- 
ceptible to lead poisoning. Many other constitutional disturb- 
ances are also charged to lead. 

“The inhalation of volatile substances containing heavy metals 
always causes far more acute poisoning than does the swallowing 
of a merely soluble form such as a salt of that metal. This state- 
ment does not refer to dusts but to gases truly absorbed through 
the lungs directly into the blood. The alimentary canal and liver 
which have the power to stop and hold metallic poisons are thus 
avoided and the action of the substance is exerted primarily upon 
the nervous system. The best known example of this distinction 
is the effect of inhaling arseniureted hydrogen in contrast to that 
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of swallowing the ordinary solid and soluble forms of arsenic. 
he soluble and volatile forms of mercury show a similar dis- 
tinction in their behavior. Even metals which when swallowed are 
practically non-toxic are poisonous in volatile form. 

“Tetraethyl lead is a liquid. Its vapor may be regarded as vir- 
tually volatile lead for the atomic weight of lead is 207 and the 
four ethyl radicals together weigh only 116. The substance is 
therefore two thirds lead. 

“So far as I am aware no experiments on animals to determine 
the toxicity of tetraethyl lead have been made. But through vari- 
ous channels which I know to be reliable I have learned from time 
to time that at practically every stage of the development of tetra- 
ethyl lead acute poisonings have occurred, some in the common 
form and some in the maniacal form. As an expert in this field I 
should say no animal experiments are needed to prove toxicity, 
it is extremely unlikely also that any positive remedial treatment 
can be developed. This opinion is based on extensive experience 
as physiologist in chief of the war gas investigations, later the 
Chemical Warfare Service during the war, when I was responsible 
for a corps of investigators who made tests on animals and men 
regarding all poisonous gases. There is really nothing at all mys- 
terious about this insanity gas of Bayway. 

“The amount of tetraethyl lead added to gasoline is small yet 
if all cars used it a person on Fifth Avenue, New York, in eight 
hours would inhale about the minimum amount sometimes in- 
ducing symptoms of lead poisoning. I pointed this out to repre- 
sentatives of General Motors two years ago. ‘hey claim that 
most of the lead is accumulated in the muffler of a car and is not 
discharged. Obviously, however, when a cylinder misfires, as 
in cars in repair shops and garages, while warmin up, and even 
on streets, undecomposed tetraethyl lead may be discharged. 

“It is reported that the method of dispensing tetraethyl lead to 
the public is to attach a small tank of the highly concentrated sub- 
stance to the gasoline pumps at roadside filling stations. A small 
amount is added to each gallon of gasoline and it is pumped into 
the tank of a car. A warning accompanies each tank but the 
names reported as commonly used for the substance such as ethyl 
gas and ethyl alcohol are not indicative of an acute poison. 

“Lead by preventing premature explosions increases efficiency. 
It makes possible engines using much higher compression than at 
present. The introduction of cars with such engines would put 
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all present automobiles out of date, so that the market could be 
resold. We should all want one of the new ones. 

“T have been trying for many months past to warn the health 
authorities and the general public of this new hazard. When 
the outbreak of poisoning at Bayway was reported in the news- 
papers and when the officials of the company adopted a policy of 
secrecy I stated that the mysterious insanity gas was tetraethyl 
lead.” 

3UREAU OF Mines Tests “ErHyL GASOLINE” 

Government experts at the U. S. Bureau of Mines at Pitts- 
burgh, declare that the industrial hazard of manufacturing of 
tetraethyl lead and the hazard of use in automobiles are very dif- 
ferent, from the fact that in the manufacture the concentration is 
high, but in the automobile exhaust gases, it is low. We are told 
in “Science Service” of their tests as follows: 

To test the possible hazard due to the exhaust gases from auto- 
mobiles using ethyl gasoline as ordinarily sold, pigeons, guinea 
pigs, rabbits, dogs, and monkeys, over 100 animals in all, were ex- 
posed to a definite concentration of exhaust gas from an engine 
using ethyl gasoline. The concentration of exhaust gas in air 
used was that which, when coming from the average automobile 
would be four parts carbon monoxide in ten thousand parts of 
air; a concentration allowable for but a period of one hour ex- 
posure from the standpoint of carbon monoxide, and exceeding 
that known to exist in ordinary traffic of a city street. 

Two groups of animals were exposed for daily periods of three 
and six hours, respectively, and the third group not exposed. The 
animals were observed throughout the test period of eight months 
for symptoms of lead poisoning, as colic, paralysis, loss of appe- 
tite and loss of weight, and there was no indication of lead poison- 
ing. At various times animals were killed and the entire tissues 
examined for effects of lead and analyzed for stored-up lead. 

Observations made on man showed that most of the lead in 
exhaust gases coming from ethyl gasoline when inhaled is again 
exhaled. The investigation indicated the seeming remoteness of 
any danger of umdue lead accumulation in the streets through the 
discharging of scale from automobile motors. 


CARBON MONOXIDE MorE DEADLY THAN TETRAETHYL LEAD. 


INCREASE in the consumption of tetraethyl lead gasoline for 
automobiles is not a health danger of terrifying proportions, ac- 
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= b cording to Dr. Warren K. Lewis, head of the department of chem- 
ical engineering at the Massachusetts Institute of Technology. He 

h says the use of ethyl gas, by decreasing the carbon monoxide con- 

n tent of exhaust gases from automotive engines, would prove bene- 

:- ficial rather than harmful to pedestrians on crowded thorough- 

f fares. 

1 “The danger in the distribution of tetraethyl gas is non-exist- 
ent,” he declared. “The extensive use of this lead compound in 
gasoline would not lead to a chronic lead poisoning as some 

is authorities have predicted. Insanity and tuberculosis would not 

f increase, and if anything the general health of the population as 

q 4 a whole should be bettered. 

s “When ethyl gas is burnt in automobile engines, very fine par- 

1 ticles of lead oxide are formed. Part of this substance remains 
in the cylinder of the engine, some is left in the mufiler, but by 

- far the greatest portion of it is disseminated through the air as 

a very fine particles of lead dust,” he said. 

, | A person would have to be exposed to the exhaust gases of an 

8 engine burning ethyl gasoline for 27 hours before any sign of 

4 lead poisoning would be noticeable. Before this time would have 

e expired, however, the carbon monoxide in the gases would have 

E proved fatal. 

. “The carbon monoxide content of the exhaust gases is far more 

4 important than the lead,” said Dr. Lewis. 

} “Carbon monoxide is in itself a dangerous and treacherous poi- 

d son and in dense traffic, as at the present time on Fifth Avenue, 

New York, the carbon monoxide content of the air very nearly 

3 approaches the danger mark, but the danger is from the carbon 

: monoxide rather than from the lead.” 

: Dr. Lewis’s attention was called to the assertions that tetra- 

3 ; ethyl gas could not be distributed at a gasoline station without 
casualties. He said this was preposterous. 

In brief, Dr. Lewis explains the advantages of tetraethyl gas 

to automobile owners as follows: “The addition of small amounts 

: of tetraethyl lead to gasoline permits of greater compression of 

, the gasoline vapors before they are exploded and should therefore 

t 


ultimately lead to the production of more efficient gasoline en- 
gines. In gasoline engines which are now in common use it pre- 
vents knocking and produces a smooth, powerful stroke, not unlike 
that of steam. It makes possible running an engine on a leaner 
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mixture of gas, so that the mileage per gallon of fuel should be 
materially increased.” 

The research laboratories of all the larger petroleum products 
companies have been seeking for a number of years some com- 
pound such as tetraethyl lead which would insure more complete 
combustion of the gasoline and lead to increased economy in the 
operation of gasoline engines. 

At the outbreak of the war the General Motors Research Cor- 
poration at Dayton, O., found that aniline had such properties. 
It was also found that the ethyl compound of selenium would 
effect a similar economy. It never came into extensive use because 
of its very offensive odor. 





The Working of the Automobile* 

To Sror an automobile or a truck, we have to apply the brakes 
for a greater distance, if the vehicle is moving rapidly, than we 
do if it is moving slowly. This is a matter of every-day experi- 
ence, and the fact is well known to all drivers. A good many of 
them, however, appear to have an idea that the difficulty of stop- 
ping the car increases simply in proportion to the speed—whereas 
the fact is, that it increases (other things being equal) in propor- 
tion to the square of the speed. This is a totally different thing, 
and the difference ought te be thoroughly understood, because 
lives often depend upon it. 

We throw on the brakes, and they stop the car within a certain 
distance; but drivers have only a hazy idea, as a rule, as to what 
this distance is, to which the care must of necessity go, in spite of 
brakes, before stopping. The present articles discusses this ques- 
tion, and to tell the story rightly we must first say a few words 
about “energy.” 

MECHANICAL ENERGY AND Heat ENeErey. 

A moving car or truck, like every other moving object, possesses 
a certain amount of “energy” on account of its motion. We cannot 
see energy nor feel it nor weigh it; yet it is a real thing, and it 
cannot be either created or destroyed. It can be changed from one 
form into another, but that is all. 

When an automobile is moving forward on a smooth, level road, 
and we throw out the clutch without setting up the brakes, the 





*Printed by courtesy of ‘Travelers Standard,” Travelers Insurance Co., 
Hartford. 
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car continues to roll along for a considerable distance. If we tied 
a rope to the rear axle and carried the rope over a pulley and fixed 
things so that the forward motion of the car would make the rope 
lift a heavy weight, the car would stop much sooner than it would 
if left to itself, because you can’t raise a weight without doing 
work. In other words, you have to expend energy upon it, and 
in the case we are considering this energy is given up by the car, 
and its loss causes the car to slow down. The energy that is thus 
taken away from the car is not destroyed, however. It is only 
stored up in the weight, and we can get it back by letting the 
weight descend in such a way that it does work upon machinery 
of some kind or other as it comes down. Of course the amount 
of energy stored by raising the weight will be less (on account of 
friction) than the amount that is taken away from the car, but 
the friction does not destroy any part of the energy. It merely 
changes it into heat, which is another form of energy. And when 
the car is allowed to run along a smooth, level road until it comes 
to a stop without using the brakes, its energy of motion is not 
destroyed. It is merely frittered away in the form of frictional 
heat, and in the stirring up of air currents. If we could collect 
all these odds and ends of dissipated energy after the car has 
stopped, we should find that they would be precisely equal, in 
the aggregate, to the energy of motion that the car had when it 
was moving. This is not an assumption, nor is it a mere approxi- 
mation. It is an exact statement. It would be a long story to 
tell how we know this, but the fact was discovered and proved 
many years ago, and the proof will always be regarded as one of 
the greatest triumphs of the nineteenth century. 
THE BRAKE AS A TRANSFORMER OF ENERGY. 

Now applying this principle to the automobile, we note, first of 
all, that it means that when the car is traveling forward at a good 
rate of speed we cannot possibly stop it with absolute suddenness. 
It must move forward or sidewise, or must turn somersaults or roll 
over, or keep going in some other way, until the energy of motion 
that it possessed has somehow been changed into heat. That is 
where the brake becomes serviceable, because a brake is merely 
a device for transforming the mechanical energy of the car into 
heat, more quickly than it would be transformed by the natural 
friction of the moving parts of the car, aided by that of the tires 
upon the road surface; and for every 780 foot-pounds of mechani- 
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cal energy that we take away from the car, we may be sure that 
one British thermal unit of heat will show up, somewhere or 
other—mainly at the brakes, if they are in good order.* 

If we apply the brakes hard enough to lock the wheels, the tires 
will slide on the ground; but if we apply them less strongly than 
this, the wheels will continue to roll and the brake drums will rub 
against the brake linings. In either event heat will be generated 
at the point where the friction occurs—on the ground or at the 
brake-drums—and the energy of motion of the car will disappear 
at the rate of 780 foot-pounds for every unit of heat that is thus 
developed. 

The action that takes place in stopping a car is the reverse of 
what occurs in a heat-engine. The heat-engine transforms heat 
energy into mechanical energy, thereby causing a certain amount 
of heat to disappear and an exactly equivalent amount of mechan- 
ical energy to be developed; while in applying the automobile 
brake we perform the opposite transformation, causing a certain 
amount of mechanical energy to disappear and an exactly equiva- 
lent amount of heat to be developed at the same time. 

Dr. Julius Robert Mayer, in a paper that he published away 
back in 1842—the first paper, in fact, that was ever written on 
the mechanical equivalent of heat—stated the brake-situation quite 
clearly, except that inasmuch as the automobile had not then been 
invented, his remarks were confined to railway trains. “Our loco- 
motives,” he said, “may be compared to distilling apparatus; the 
heat beneath the boiler passes into the motion of the train, and is 
again deposited, as heat, in the axles and wheels,” and of course in 
the brakes, when those are applied. This comparison is a good 
one, and drivers should bear it in mind. We recently heard a man 
assert that he can stop his car within eighteen feet, when traveling 
at sixty miles an hour; and he believed it, too, because he did not 
understand what the brake really does. 

Ordinarily, the amount of heat that is set free at the brake in 
this way, in consequence of the disappearance of the mechanical 
energy of the car, is only enough to make the brake warm, or 
perhaps moderately hot; but when the vehicle has been going 
down a long hill or a long series of short hills, one after another, 
we have to use up the energy that corresponds to the descent of 








*A “British thermal unit” is the quantity of heat that is required to raise 
the temperature of one pound (i. e. about one pint) of water by one degree 
Fahrenheit. 


ct cht Fh i? 7] 


= 


WorKING OF THE AUTOMOBILE BRAKE 125 


the car from the higher level to the lower one; and the heat gen- 
erated must therefore correspond to the speed that the car might 
have developed in consequence of this descent, as well as to the 
speed that it actually did have. Under such circumstances it often 
happens that the heat set free is so great that the oily and greasy 
material on and around the brake drum takes fire, and sometimes 
the fire even spreads to the car itself and destroys it. Thoughtful 
drivers, partly to avoid trouble of this kind and partly to make 
sure that the car does not get out of control, often shift into sec- 
ond or first gear in going down long or steep hills. “Going into 
gear” in this way does not lessen the amount of heat developed, 
but it distributes the heat among the various working parts of the 
car, instead of allowing it to be concentrated at the brake drums. 
How Mvucu Mecwanicat ENerGy Does 4 Movine Car Possess? 

To make the thing a little more definite, suppose we figure out 
just how much heat the brakes of a given automobile must set free, 
before the care can stop. To find out how much energy of motion 
there is in a body that is traveling forward at a certain speed, we 
multiply the speed (as expressed in miles per hour) by itself, and 
then we multiply the product by the weight of the body (in 
pounds), and divide by 30. The result is the number of foot- 
pounds of- mechanical energy that the body possesses in conse- 
quence of its motion. Suppose, for example, that an automobile 
weighs 2400 pounds and is moving with a speed of 25 miles an 
hour. We proceed as follows: 

The square of the speed is 2525625, and multiplying this 
by the weight of the car in pounds, we have 625 2400=1,500,000 ; 
and this divided by 30 gives 50,000. In other words, the car pos- 
sesses 50,000 foot-pounds of mechanical energy, just because it is 
moving at 25 miles an hour; and it will be impossible to stop it 
without changing these 50,000 foot-pounds of mechanical energy 
into heat. 

Dividing this number of foot-pounds by 780 we have 

50,000——780—64., 
which means that in stopping the car there will be 64 British 
thermal units of heat developed—that is, enough heat to raise the 





temperature of one pound of water by 64 Fahrenheit degrees— 
or (say) to raise the temperature of one quart of water from 70° 
Fahr. to 102° Fahr. This assumes that the car is traveling on a 
smooth, level road, and that the engine is thrown out of gear, so 
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that the heat developed at the brakes is due solely to the momen- 
tum (or more properly, the “kinetic energy”) that the car has, on 
account of having a speed of 25 miles per hour when the brakes 
are set up. 

If the car (together with its load) weighs 2400 pounds as before, 
and if it runs down a hill 200 feet high (as measured vertically), 
with the brakes applied just hard enough to keep the speed con- 
stant, then the amount of heat that must appear at the brakes on 
account of the loss of elevation of the car (and the consequent dis- 
appearance of “potential energy”) would be 

2400 200—480,000 
if expressed in foot-pounds, or 

480,000—780—615 
if expressed in British thermal units. In other words, enough heat 
would be set free at the brakes, on account of descending the hill, 
to raise the temperature of 615 pounds of water by 1 Fahrenheit 
degree. This is a little more than enough to raise half a gallon of 


n - 


water from 70° Fahr. up to the boiling point. 
How Far Must tHe Car RUN BEFORE THE BRAKES Can Stop Ir? 
Having now discussed the general principle on which the brake 
acts, we proceed to consider the efficiency of the brake, as judged 
by the distance to which the care must travel, after the engine has 
been thrown out of gear and the brakes have been strongly applied 
with the car moving at a given rate of speed. This is partly a 
theoretical question and partly a practical one. The rule given 
above for finding the total energy of motion of the car, in foot- 
pounds, shows that this energy varies with the square of the speed 
of the car, being fourfold as great when the speed is doubled, nine- 
fold as great when it is tripled, and so on. On the other hand, the 
generation of heat when the brakes are applied with a given con- 
stant force is proportional simply to the amount of slip between 
the brake-lining and the drum—or, in other words, to the dis- 
tance the car travels before coming to a stop. Taken together, 
these two statements mean that if the brakes are applied with a 
certain standard force, then the distance that the car will travel 
before coming o rest is proportional to the square of the speed 
that it had when the engine was shut off and the brake was applied. 
This assumes that the car is traveling over smooth, hard, level 
ground, and that the stopping action is due to the brakes alone. 
In reality there would be some additional friction between the 
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moving parts of the car itself, and also between the tires and the 
road surface; but for practical purposes it is not important to 
consider these secondary sources of riction, because we are as- 
suming (1) that the tires rioll on the ground, and (2) that the 
car is in good conditiou, so that its internal friction is small when 
the engine is out of gear. 

Experiments have shown that the law of brake-friction thus 
indicated by theory is well borne out in practice. A short time 
ago we gave a rule, in Tue TRAVELERS STANDARD, for determining 
the shortest distance within which a moving car can be stopped, if 
the brakes are in good condition—the constant entering into it 
being based upon actual tests. We will repeat that rule here, ex- 
cept that we shall now use a slightly different value of the con- 
stant, to bring the rule into conformity with the present practice 
of the New York City authorities, who are paying so much atten- 
tion to the brake question. The rule as thus modified is as follows: 

Rute: Multiply the speed of the car, in miles per hour, by 
itself, and divide the product by 11. The result is the number of 
feet that it is reasonable to suppose the car will travel before 
coming to rest, if the brakes are in good order, and are thrown 
on as hard as they can be, without locking the wheels. 

This rule assumes that the car is provided with brakes on only 
two wheels, and it also assumes that the car is of average weight 
and not loaded very heavily, and that the roadway is smooth, hard, 
and level. The rule is not given with the idea of allowing the 
owner of the car to prophesy with precision, but for the purpose 
of enabling him to judge whether or not his brakes are properly 
effective. We also hope that it will bring home to him the fact 
that when he is moving at high speed he cannot stop his car until 
it has traveled to a considerable distance—a distance much greater, 
in fact, than most car owners would believe to be necessary. The 
distances that the car must travel before it can be stopped are 
given, for various speeds, in the accompanying table, and also in 
the full-page illustration. These should be carefully studied by 
all drivers of automobiles and trucks. 

In practice, the distance that a car must run before it can be 
brought to a standstill will depend upon a number o fthings besides 
the speed and the condition of the brakes. It will depend quite 
largely, for example, upon the condition of the road surface, and 


also upon the weight of the car and its load. If a truck or car 
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is heavily loaded, then of course the load is moving with the same 
speed as the car, and hence it contributes to the energy of motion 
of the vehicle as a whole; and this means that it is harder to stop 
a car that is loaded than it is to stop the same car when it is 
empty. This simple and rather evident fact is often overlooked 
by drivers, and we have frequently known it to be called in ques- 
tion by persons expressing views on the brake problem. It does 
not make any difference whether the moving matter that is to be 
stopped is present in the form of a solidly-placed load that will 
not fall off when the brake is applied, or in the form of extra 
steelwork or woodwork, forming part of the car itself. We cer- 
tainly cannot stop the car and its load until we have converted 
all of the energy of motion, whether it resides in the car or in 
the load, into the form of heat at the brakes. The rule, table, 
and illustration are supposed to represent ordinary average prac- 
tice, and good, level, non-slippery road surfaces. 

The experiments upon which the foregoing rule is based were 
made before the advent of the four-wheel brake, and they relate 
simply to the stopping action of the ordinary two-wheel brakes 
that are provided on most of the cars that we meet on the high- 
ways. We cannot here discuss the four-wheel brake idea, but we 
may say that whether there are two brakes or four on a car, the 
listance that the car wil Itravel after the brakes are fully applied 
vill vary with the square of the initial speed in either case; but 
the constant that occurs in the rule will be different when four- 
wheel brakes are used. Experiments to determine this constant 
for four-brake cars have been made in England, but we have not 
yet seen the results. 

Tue New York “BRAKE SqQuap.” 

At the present time New York City is maintaining special 
traffic officers (popularly known as the “Brake Squad”) for the 
purpose of testing the brakes of automobiles that are using the 
city highways. Two of these officers will stop a car, and one of 
them will ride along in it while the other takes the necessary ob- 
servations from the street. The car is brought up to a speed of 
10 miles per hour, and then at a given signal the engine is cut 
out and the brakes applied, and the distance that the car travels 
before coming to a stop is noted. The experiment is repeated with 
the car going at 20 miles an hour, and again with it going at 30 
miles an hour. Each experiment, moreover, is performed with the 
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service brake and the emergency brake, separately. If the car 
can be stopped, whichever brake is used, within the distances cal- 
culated by the foregoing rule for these speeds, it receives a cer- 
tificate of good character so far as the brakes are concerned, and 
the driver is allowed to go. If neither brake comes up to the 
standard, the owner of the car is fined for using the highway with 
his brakes in an unsafe condition. If one set of brakes meets 
the requirements and the other does not, the number of the car 
is taken and the driver is instructed to have the inefficient brake 
made right, and to report again for a second test at a stated 
time—failing in which, the owner of the car is also fined. 

During 1923, 73,633 motor vehicles were inspected on the streets 
of New York in this way, and of this number 10,517 had one de- 
fective brake each, and the drivers were required to report back 
for reinspection with the defective brake fixed. In 2,239 cases 
both brakes were defective and the drivers were fined—the usual 
pnalty being $25. 


SUMMARY. 


The illustrations given in connection with the present article 
will give a very good idea of the behavior of a car that is moving 
at a given speed when the engine is disconnected and the brakes 
fully applied. Diagrams of this general sort have been published 
elsewhere in the past, but we have never seen one which was 
drawn to scale, and if they are not drawn to scale they are likely 
to be quite misleading, even though the correct figures are given 
under them. 

The general lessons to be learned from this present article are 
three in number: (1) Keep your brakes, both service and emer- 
gency, in such condition that you can bring your car to a full stop 
within the distance that the rule indicates for the speed at which 
you are traveling; (2) do not forget that when you are moving at 
a high rate of speed, you cannot possibly stop your car until it has 
gone much further than you are likely to realize; and (3) remem- 
ber that it is harder to stop a heavily loaded car or truck than it 
is to stop the same car or truck when it is loaded lightly. 





“Be Wise With Speed” 


Tue words used for the title of this article were written many 
years ago by Edward Young, and referred to the importance of 
acquiring common-sense and sound judgment at an early age, as 
is indicated by the remainder of the sentence, “A fool at forty is 
a fool indeed.” Young's advice is as good at the present time 
as it ever was, but in addition we may perhaps be allowed to read 
an entirely different and modern meaning into the phrase “Be 
wise with speed,” so that it will serve as a good text in connection 
with present-day means for rapid transportation, by automobile 
and by motor-truck. Let us interpret it to mean, also, “Be wise 
in the use of speed.” 

A recent estimate of the number of automobiles in the United 
States places the total at 15,280,000, including both passenger 
vehicles and motor-trucks. Almost any owner of one of these 
conveyances would feel offended if it were suggested that the nraxi- 
mum speed of his vehicle is twenty miles per hour. The fact is, 
that with the exception of some of the heavier trucks, a far higher 
speed is well within the capacity of almost any motor-vehicle that 
is propelled by gasoline or steam. Yet even if the maximum 
attainable limit of speed of all self-propelled vehicles operated on 
the public highways were only twenty miles per hour, this would 
still be an immense increase over the speed of the horse-drawn 
vehicles that were formerly in general use for both pleasure and 
business, and this fact has an important bearing on highway and 
traffic accidents. 

So far as we know, no complete and accurate records of high- 
way and traffic accidents were kept, before the advent of the auto- 
mobile. There are plenty of statistics concerning automobile acci- 
dents, however, and it is safe to say that if it were possible to 
compare the accident records for horse-drawn vehicles with those 
for automobiles, the number of those in the first-named class would 
be relatively insignificant. 

The problem of preventing automobile accidents has become 
one of national importance, and no satisfactory solution of it 
has yet been found. This is largely because of the astonishing 
increase in the number of automobiles used. In 1895 only three 
hundred automobiles were registered in the entire United States; 
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by 1902 the number had increased to nearly 29,000 and it was 
realized that motor cars were soon to become an important factor 
in highway transportation. In 1922 more than 12,000,000 cars 
were registered; and it is estimated, as previously stated, that the 
number now in use exceeds 15,000,000. 

Although, fortunately, the number of accidents has increased 
less rapidly than the number of automobiles put into use, the 
yearly totals have shown a large gain. For example, there were 
approximately 200 fatal automobile accidents in 1906, and in 1914 
there were about 4,000. From 1914 to 1917 there was an increase 
in the yearly figures of about 5,000, and since that time the annual 
gain has been about 1,000 deaths, with a total for 1923 of approxi- 
mately 15,000 fatalities. In addition, about 1,700,000 persons were 
more or less seriously injured in automobile accidents in 19235. 
Surely, these figures shows the appropriateness of the admonition 
“Be wise with speed” in the newer sense, and the importance of 
heeding it. 

It should not be assumed, however, that automobile accidents 
would be entirely eliminated or even be reduced to a negligible 
number if the speed of motor cars were restricted to the rate of 
travel of horse-drawn vehicles, because excessive speed is but one 
of the many causes of accidents. This fact is doubtless recognized 
by those who are authorized to fix the legal rate of speed in the 
several states, and in our municipalities. There is a marked varia- 
tion in the allowable speed in different parts of the country, how- 
ever, and it may be that this is the result of attempts to prescribe 
a rate of speed that will be safe under all conditions. The result 
of fixing too low a speed limit is likely to be a universal disregard 
for the law with reference to it; but if the limit is too high, en- 
couragement is given to the reckless drivers who constantly endan- 
ger the lives of all other persons on the highways. It seems to 
us that the best plan is to prescribe a generous maximum speed 
for travel on the open hghways, and a somewhat slower maximum 
speed for travel in thickly settled communities. This plan is in 
fact favored in many localities. It should be made plain, however, 
that these maximum speeds may not be permissible under all 
conditions and that persons may be penalized in case of accident, 
or if they are endangering other users of the highway, even if they 
are not exceeding the speed limit thus fixed. In other words, the 
motorist should be liable to arrest and punishment if he travels at 


a higher rate of speed than is reasonable when taking into con- 
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sideration the density of the traffic, the condition of the road- 
surface, the width of the thoroughfare, and various other special 
conditions, temporary or permanent, which affect the safety of 
all users of the highway. Under certain circumstances a speed of 
ten miles per hour may be excessive, while with other conditions 
it may be reasonably safe to travel at thirty miles per hour. 

The proximity of curves, steep hills, underpasses, narrow bridges, 
blind street intersections, and other dangerous places are usually 
plainly indicated by warning signs, in states in which automobile 
traffic is heavy. The wise driver heeds these warnings and re- 
duces the speed of his car accordingly. A large number of acci- 
dents occur on broad, straight, level stretches of road, however, 
and it is here that the admonition, “Be wise with speed,” becomes 
of special significance, because drivers are likely to relax their 
vigilance somewhat when conditions appear to be favorable and 
safe. A considerable number of the accidents that occur on straight, 
level roads are the result of recklessness or bad judgment on the 
part of automobile operators when passing other vehicles. The 
more congested the traffic and the higher the speed of the moving 
vehicles, the greater is the chance for accident and the need for 
caution. The safe driver will wait for a favorable opportunity to 
pass the car ahead, and will then give adequate warning by sound- 
ing his horn. He will choose a place where the road can be seen 
for a considerable distance ahead, and will be sure that no cars 
approaching from the opposite direction are dangerously near, and 
that the road is sufficiently wide so that neither his own car nor the 
one he is passing will be forced off the highway. 

It is going to take a long time and a great deal of effort to make 
highway travel safe, and there are many things to be done in 
addition to enacting laws and exacting fines for breaking these 
laws. As long as automobiles are made capable of traveling at 
high speed, there will be certain classes of persons—the reckless, 
the criminal, and the intoxicated—who will operate them at high 
speed, regardless of the consequences to themselves or others. For 
this small minority existing laws and ordinances must be rigidly 
enforced, and the punishment must be adequate to the offence in 
every case. ‘There are other persons who must be considered, 
and who may and often do cause trouble without any malicious 
intent, and without consciously being careless or reckless. This 
¢lass includes inexperienced drivers who are just beginning to 


operate automobiles, persons who are physically tnsound, and 
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those who are temperamentally unfit to assume the responsibility 
of handling automobiles having large reserves of speed and power. 
The inexperience of the beginner can be overcome only by practice 
in the actual operation of a car under the supervision of a skilled 
and cautious driver. In too many cases, however, the new driver 
is left to his own devices before he has acquired the instinctive 
knowledge that causes him to act quickly and correctly in an 
emergency. As a rule, the instruction and supervision of new 
drivers should be extended over a longer period than is now 
customary. 

The examining and licensing of prospective automobile opera- 
tors should be made universal in all the states. The examina- 
tions should be thorough (in many cases they are now merely per- 
functory), and should be such as to preclude the possibility of 
issuing licenses not only to persons who because of physical im- 
pairment lack the ability to manipulate the various controlling 
devices of the car, but also to those with defective vision, those 
who are mentally incompetent, and those who are obviously afflicted 
with nervous disorders or other ailments which would make it 
unsafe for them to operate automobiles. 

Even if it were possible to eliminate all undesirables from among 
the great body of automobile operators, the guiding principle, “Be 
wise with speed,” should still be kept in mind by all the remainder. 


Decalog of Health 
N. T. McNEIL. 


1. I shall keep my body clean and wnabused, for cleanliness is 
next to godliness, and abuse is unmanly. 

2. I shall sleep eight hours every night, for sleep is more 
essential than food, and is the chief nourisher in life’s feast. 

3. I shall keep my body vigorous, and elastic by regular physi- 
cal exercise and long walks. 

4. I shall not neglect my teeth, for a foul mouth is a breeding 
place for disease. 


5. I shall not abuse my eyes, for they are the windows of the 
soul, and without them I could see neither family nor friends, nor 
the beauties of sky, forest or field. 
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6. I shall breathe deeply to aerate my lungs and purify my 
blood. 


od 


7. I shall eat wholesome and nutritious food. 

8. I shall remember that a healthy skin and a clear eye are 
the best indication of health. 

9. I shall keep my bowels open, to prevent the accumulation 
of poisonous waste matter. 

10. I shall think health, because mental attitude is the most 
potent and effective factor in the attainment and retention of 
health. 


General Science Club Officers 

The General Science Club of New England, at their fall meet- 
ing, elected the following officers: 

President, John V. Jewett, Brookline High School. 

Vice President, Dennis C. Haley, Boston Teachers College. 

Secretary, Raymond 8. Tobey, Boston Trade School. 

Treasurer, John R. Dunn, Charlestown High School. 

Executive Committee, the above officers and Lillian J. McRae, 
Joseph R. Lunt, W. G. Whitman. 

At a meeting held January 31, 1925, the following program was 
given: 

Demonstration Experiments in Light, Mr. Haley. 

Teaching Demonstration with Class of Fighth Grade Pupils, 
Miss Keyes. 

The Modern Cartesian Diver, Mr. Whitman. 

Methods of Growing Yeasts, Molds, and Bacteria, Miss McRae, 

Methods of Growing Yeasts, Molds, and Bacteria, Miss MacRae, 

The New Science Library Plan, Mr. Lunt. 

Some Industrial Applications of General Science, Mr. Tobey. 


Demonstration Experiments on Fire, Mr. Dunn. 








The New Books 


Modern Business Geography—Elsworth Huntington and Sumner W. 
Cushing—352 pages—101 maps and 84 photographs—$2.00—World 
Book Company. 

This new textbook for the seventh, eighth, or ninth school year 
presents geography from an economic standpoint, and the method 
used is peculiarly effective in reawakening the interest of pupils who 
have studied the continents twice and think they have already had 
enough geography. 

The book is organized into four parts dealing respectively with 
primary production, transportation, manufacturing, and consumption. 
This economic basis of treatment avoids the usual stereotyped, tire- 
some discussions by products or regions; with each part a wholly new 
set of principles is introduced and thus a fresh point of view is given. 

An unusually large number of stimulating problems, questions, and 
exercises has been included to give the pupil practice in using the 
geographical facts which he has learned to think out probiems for 
himself. The United States is treated extensively in the problems of 
every chapter as well as in special chapters. The rest of the world 
is treated more briefly, but each continent receives a special exercise 
and by this means the pupils review the geography of the whole world 
in a way new to them. 


Exploring Nature—Charles H. Ward, Editor—257 pages—Henry 
Holt & Co. 

This is a handy pocket-sized volume containing a collection of 
readings on science by some of our science masters. It is one of 
a series of books for English readings. The articles are science 
classics, and as usable in science as in English classes. Among the 
authors are found: Huxley, Darwin, Ball, Fabre, Slosson, and Thom- 
son. The essays are grouped under these headings: “What Science 
Is,” “The Heavens and the Earth,” “How Plants and Animals Live,” 
“The Evolution of Plants and Animals,” “The Science of Society,” 
“The Invisible World.” This is an exceptionally fine book for supple- 
mentary work in General Science classes. 


Elements os Physics—F. W. Merchant and C. A. Chant—546 pages— 
631 illustrations—Henry Holt & Co. 

This Physics text is modern: first, because phenomena are explained 
as far as possible by using the theory of electrons; and second, be- 
cause the applications of physics to every-day life include the very 
recent practical uses of physical science. The text covers the topics 
of the high school course, but carries them far enough for beginning 
college students. A good list of questions and problems follows each 
chapter. 


Junior High School Mathematics—3rd Course—Vossburgh, Gentle- 
man, and Hassler-—294 pages—141 figures—The Macmillan Company. 

This Junior High text follows the recommendation of the National 
Committee on Mathematical Requirements so that it may be success- 
fully used in any ninth grade. The book is one in general mathe- 
matics work, wherein you find arithmetic, algebra, and geometry, 
although the algebraic problems predominate. The use of the graph 
for showing facts and for solving problems is explained. 


Fungi and Human Affairs—W. A. MeCubbin—111 pages—48 illus- 
trations—$1.00—World Book Company. 

This intensely interesting book tells of the part played by the 
small forms of plant life in our everyday affairs. Their relation to 
plant diseases is of great importance to agriculturists. The diagram 
“Carbon Cycle” furnishes material for a whole period of class dis- 
cussion and is of a type well adapted for general science presentation. 
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Improved Design 


CENCO D.C. METERS 


Portable D’Arsonval Type 






Vor AMMETER 


7 


After two years of successful production of our improved 
design of moving coil direct current meters (d’Arsonval type) 
it is our experience, based on the experience of hundreds of 
users that these instruments are better value for the price than 
anything now obtainable. Except in the case of the volt-am- 
meter there is nothing novel about the the circuits of direct 
current instruments, The superiority of our D. C. meters may 
be summarized in a list of features which are combined in ro 
other direct current meters now availabe at anywhere near 
the same price. 


Chrome steel magnet, properly aged. 

Pole pieces and core of soft iron 

Rugged moving coil system balanced between sapphire jewels. 

Base of Bakelite having great mechanical strength and much better 
electrical properties than the wooden base ordinarily used. 

Scale 43" long covering an arc of 90°. 

Light aluminum pointer, mirror scale for illuminating parallax in read- 
ing the position of the pointer. 

Simple but positive zero adjustment. 

Sensitiveness—Ammeters : approximately 0.2 volt for full scale de- 
flection, Voltmeter: approximately 0.015 ampere for full scale 
deflection : fall of potential in the instrument, | volt in 60 ohms. 


For list of available ranges see Catalog F/ 23 


CaNTRAL SoleNmMeEC; ComPANT? 
LADORATORY CNO SURE LIES 


on ow > wn — 


USA. 
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Junior Mathematics—Ernst R. Breslich—147 pages—183 illustra- 
tions—Macmillan Company. 

Junior mathematics is a first course in general mathematics for 
secondary schools. The material has been successfully used in junior 
high schools. It represents a fusion of arithmetic, algebra and geom- 
etry. The algebra is not stressed, however, above actual needs. 
Graphic representations and uses of angular measurements are given 
special prominence. 


Outlines of Economic Zoology—Albert M. Reese—318 pages—189 
illustrations—P, Blakiston’s Son and Company. 

This book makes the economic aspects of zoology the main point of 
attack while habits and morphology are treated as of secondary 
importance. It offers a practical course which is especially useful to 
agricultural students. Scientific classification is followed, but popu- 
lar treatment makes the book interesting to the general reader. 


Seeing America. Book 1. Farm and Field—Walter P. Pitkin and 
Harold F. Hughes—312 pages—illustrated—The Macmillan Company. 

This is a new type of elementary geography reader in which the 
authors have attempted to put into a story of elemental human in- 
terest, information about the production of raw materials, about 
the difficulties of providing the necessities of life, about the wonders 
of machinery, and about conservation of natural resources. The 
authors have succeeded remarkably well in covering all this material 
in a narrative which is intensely interesting to the pupil. This 
volume treats fishing, forestry, quarries, milk products, coal, tobacco, 
turpentine, sugar, salt, cattle, and iron. 


Outlines of General Zoology—H. H. Newman—480 pages—179 illus- 
trations—Macmillan Company. 

This is a college text based upon teaching practice. In general, 
the method is to begin with a historical survey; to follow this up 
with a general discussion of the problems associated with life, proto- 
plasm and the cell; it then becomes necessary to present a series of 
animal types ranging from the amoeba to the frog, each type being 
used as a concrete illustration of one or more principles; finally a 
return is made to matters of general biology, the topics leading up 
logically to the principle of organic evolution. 





Fifty Famous Farmers—Lester S. Ivins and A. E, Winship—407 
pages—illustrated—Macmillan Company. 

This is a valuable reading book for schools in a much neglected 
field. It tells with story-like interest of the life and works of those 
men who have advanced the world’s greatest industry—agriculture. 
Scientific farming, upon which our own future depends, will undoubt- 
edly draw many a new recruit from the boys who read this book and 
are inspired with the achievements of these fifty famous farmers. 
The men are grouped under farmer inventors, creators of better 
plants and animals, leaders in rural economic and social life, soil 
experts, administrators of agriculture, and secretaries of agriculture 
in cabinets of presidents. 


Teaching Agriculture—James B. Berry—230 pages—23 illustrations 
—$2.00—World Book Company. 

In this book the latest ideas of the teaching of agriculture are 
applied through the judicious use of proper pedagogical methods. The 
“acquiring of facts” is subordinated to “the intelligent use of facts 
in the solution of life’s problems.” The last chapter points out the 
duties, responsibilities and ideals of the teaching of agriculture. The 
appendix contains outlines for rural community survey and the Massa- 
chusetts life history folder. 
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A Visual Aid in the Teaching of the Sciences 





CHEMISTRY, PHYSICS, BIOLOGY, NATURE STUDY 
may now be taught effectively by means of this portable class 


room projector. 


BRAYCO is a scientifically constructed 
still-picture projector which uses strips of 
standard size non-inflamable films instead 
of the heavy, fragile glass slides. 


FOR THE LABORATORY, BRAYCO will 
magnify and project the minutest forms on a 
microscopic slide. Instead of the slow and 
unsatisfactory process of having each pupil 
examine it under the miscroscope one at a 
time, the slide can be thrown on the wall, 
and seen and discussed by the entire class 
at once. 


TEACHERS OF GENERAL SCIENCE 
COURSES in elementary and high schools 
are finding BRAYCO of invaluable aid be- 
cause of its flexibility and ease with which 
it may be operated. 

THE BRAY LABORATORIES are 
equipped to make up special films from 
photographs, drawing, x-ray or stereopticon 
slides. 


Price $35.00 Complete, Ready for Use 


BRAY SCREEN PRODUCTS 


[INCORPORATED) 
130 West 46th Street, New York City 


SEND FOR DESCRIPTIVE 








Brayco at a glance 





Weighs 5 pounds. 
Adjusts to any elec- 
tric light socket. 
Resistance cord sup- 
plies necessary re- 
duction of voltage. 

It is simple to oper- 
ate. A child can 
use it. 

Uses standard width 
film; 16 pictures 
per foot, 

Has been thorough- 
ly tested for fire 
hazard. 

Projects pictures 
from 5 by 8 inches 
to 8 by 10 feet on 
any floor, wall or 
ceiling. 

Costs about one cent 
an hour to operate. 

Will project a single 
picture continu- 
ously without in- 
jury to film. 

Film can be moved 
backward as easily 
as forward. 

Is equipped with 
standard auto bulb, 





LITERATURE 
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Health for Every Day—Maurice A. Bigelow and Jean Broadhurst— 
235 pages—168 illustrations—Silver Burdett and Company. 

This book on personal health opens with an important chapter on 
accidents and danger to health, and ends with one on self-control. 
The whole book emphasises the need of forming correct health habits. 
A unique feature of the book is the application of silent reading. ‘To 
this end silent reading exercises are given under the heading, “Things 
to Ask, Answer, Tell or Do,” which appear at the end of each chapter. 


Health in Home and Neighborhood—Maurice A. Bigelow and Jean 
Broadhurst—328 pages—153 illustrations—Silver Burdett and Com- 
pany. 

This book summarizes the chief principles of personal health given 
in the companion volume, “Health for Every Day,” and deals with 
health and sanitation in the home, school, and neighborhood. Physi- 
ology is treated only as required to an understanding of personal 
health in the home and surroundings. Manners, character, and mental 
and social welfare are included as belonging to a study of health. The 
book is planned for silent reading. Both books in this series have 
helpful suggestions to teachers. 


Exercise and Review Book in Biology—-J. G. Blaisdell—loose leaf— 
152 pages—illustrated—World Book Company. 

This loose leaf manual is a time-saving device for laboratory work 
in biology. One hundred exercises are carefuly outlined and blank 
space for pupils’ observations call attention to the important items 
to be recorded. Sketches are called for in many instances. Forty 
pages of review exercises and questions are found at the end of the 
volume. This should prove of great value to classes in the biology 
laboratory. 


Laboratory Experiments in Practical Physies—N. Henry Black— 
157 pages—illustrated—-The Macmillan Company. 

This is a loose leaf manual of sixty-five experiments to cover Black 
and Davis’ Practical Physies. The introduction to each exercise 
shows the relation of the exercise to other parts of the subject and 
defines the present problem. ‘Tabulations are printed with blank 
forms in which the pupil records data of the experiment. This means 
a saving of much time for the pupil. Each exercise is followed by 
“Questions and Problems” which give meaning to the exercise as 
well as serving to review the work. 





Science Articles in Current Periodicals 


ABRAMS 
Our Abrams verdict. A. C. Lescarboura, Sci. Am., 131:158, Sept., 
1924. 
AERONAUTICS 
Around the world by air. C. P. MceDarment, Sci. Am., 131:230, 
Oct., 1924. 
found world in eight days next? Pop. Mec., 42:712, Nov., 1924. 
AUTOMOBILE 
When your motor car calls for help. E. B. Staples, Pop. Sci. 
Mo., 105:5:86, Nov., 1924. 
CHARCOAL 
Charcoal, the chemical truant officer. Ismar Ginsberg. Sci. Am., 
131:328, Nov., 1924. 
City PLANNING 
New treatment of street intersections. Amer, City, 31:445, Nov., 
1924, 




















“The Science Classroom” 
A Magazine for SCIENCE TEACHERS 


The Science Classroom supplements It illustrates apparatus constructed and 
the textbook and provides the stimulating, _ tried out in the classroom. 
vitalizing interests that make for success- It gives detailed directions for extra- 
ful science teaching. curricular activities. 

It describes the classroom methods, It publishes lists of books, films, slides, 
practices and experience of the most suc- apparatus and materials and tells where 
cessful science teachers. to get them. 


September - June 10 issues 25 cents 


“POPULAR SCIENCE MONTHLY” 


Used in thousands of schools as a supplemental reader 


It is recognized as the best source of _ science and for class discussion in Junior 
material for illustrating principles of | and Senior High School classes. 


Regular price - $2.50 a year, 25 cents a copy 
Special Rate to Schools, $1.75 a year, 15 cents a copy 


Send for sample copies 


Educational Department, Popular Science Pub. Co. 
250 Fourth Avenue, Box G, New York, N. Y. 














“‘ JUST WHAT A BIOLOGY OUGHT TO BE”’ 
ATWOOD 


CIVIC AND ECONOMIC BIOLOGY 


By Wn. H. Atwoop, Milwaukee State Normal School 


364 Illustrations Cloth $/.68 


A Biology Text should be inspirational. Forced study avails little. 

Atwood’s Biology produces that spontaneous enthusiasm which gives the 
student pleasure in his work. This is secured in special ways :— 

Natural curiosity about the things of nature is taken advantage of. 

Short sentences give clear ideas and do not strain the attention of the 
reader. 

Elaboration of detail is not indulged in. 

The information is all useful. 

Variety of activity on the part of the student is everywhere provided for. 

The problems, projects, and experiments give the students opportunities 
to do things for themselves in their own way. 

“ What I like most ts that you spend time on things 


worth knowing. We have had too much grasshopper 
leg biology to suit me tn our hiyh school work.’’ 


P. BLAKISTON’S SON & CO., Publishers, PHILADELPHIA 
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Coast GUARD 
Policing the seas for Uncle Sam. Pop. Mech., 42:579, Oct., 1924. 
De Forest 
The life and work of Lee De Forest. Ill. Radio News, 6:464, 
658 and 912, Oct., Nov., and Dee., 1924. 
EFFICIENCY 
The human machine used to mutiply human energy. Alice Raven- 
hill, Nation’s Health, 6:598, Sept., 1924. 
The essentials of an eflicient city engineering department. W. E. 
Weller, Amer. City, 31:321, Oct., 1924. 
ELECTRICITY 
Data for building electro-magnets. Ill. H. W. Secor. Experi- 
menter, 4:40, Nov., 1924. 
FARADAY 
A famous experimenter. The Experimenter, 4:96, Dec., 1924. 
FISHERIES 
Battle to save salmon from extinction. Ill. Pop. Mech., 42:618, 
Oct., 1924. 
GARDENS 
All the year round in the California garden. A. M. Woodman. 
Gar. Mag., 40:243, Dece., 1924. 
A personal view of California gardens. F,. A. Waugh. Gar. Mag., 
40 :233, Dec., 1924. 
Gardening in the mid-south. Ill. J. W. Manning. Gar. Mag., 
40:187, Nov., 1924. 
Southern shrubs or southern gardens. Ill. E. F. 
Mag., 40:199, Nov., 1924. 
HEALTH 
Health work at Florida State College for Women. E. Conradi. 
Nat. Health, 6:661, Oct., 1924. 
Changing the disease map. A. C. Abbott. Hygeia, 2 :633, Oct., 1924. 
Postural aids. Ill. Nat. Health, 6.620, Sept., 1924. 
Exploiting the health interest: “Physical Culturists,” Hygeia, 
2:744, Dec., 1924. 
HISTORICAL EXPERIMENTS 
Frictional electrical machines. Experimenter, 4:14, Nov., 1924. 
Faraday—a famous experimenter. Experimenter, 4:96, Dec., 1924. 
ITOUSEHOLD 
Tools for the housewife. Ill. Anne Pierce. Hygeia, 2:673, Nov., 
1924, 
Important part domestic factors play in national health. Ill. 
Alice Ravenhill. Nat. Health, 6:667, Oct., 1924. 
MAGNETISM 
Magnetism. Ill. H. Jackson. Prac. Elec., 3:700, Oct., 1924. 
NORWAY 
Norway and the Norwegians. Iii. M. F. Egan. Nat’l Geog. Mag., 
45 :647, June, 1924. 


Rowe. Gar. 


PAPER 
Pulp and paper. Ill. Ismar Ginsberg. Sci. Amer., 131:162, Sept., 
1924. 
PEARLS 
Jewelry from fish scales. Ill. D. K. Tressler. Sci. Amer., 131:180, 
Sept., 1924. 
PLANTS 
Exporing the mysteries of plant life. Ill. 16 pages in color. 
Wm. J. Showalter. Nat’l Geog. Mag., 45:581, June, 1924. 
PSYCHIC INVESTIGATION 
New policy and rejoinder to critic. J. Maleolm Bird. Sci. Amer., 
31:233, Oct., 1924. 
Opinions on the Margery case. E. E. Free. Sci. Amer., 131:304, 
Nov., 1924. 
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Another New Milvay Instrument 








NEW IMPROVED MODEL No. 388E 


HAND POWER DYNAMO 


This Hand Power Dynamo is just another addition to the long list 
of high quality Milvay improved, efficient Scientific Instruments. It is 
far superior to anything like it heretofore put on the market. 


This Dynamo is ideal for experimental and demonstration work. 
Output is 24 Watts (6 volts—4 amperes). It is free and easy running, 
has positive drive, positive brush contacts, and belt tension adjustment, 
Mounted on a 20x 45 cm. hardwood base, Price complete as 


illustrated, $22.50. 


Our stock is complete. Order now for immediate or later delivery, 


Write for the new 328-page Milvay Catalog. It contains 
up-to-date illustrations, specifications and prices on a full line of 
Scientific Instruments, Laboratory Supplies, and Chemicals for 
the subjects of Agriculture, Biology, Chemistry, General Science 
and Physics. When writing, mention name of school and sub- 
ject you teach. 


CHICAGO APPARATUS COMPANY 


Milvay Scientific Instruments 


701 W. Washington Blvd., Chicago, Illinois 
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RabDIo 

Rebroadcasting the broadcasting program. W. J. Purcell. Sci. 
Amer., 131:164, Sept., 1924. 

The four electro-vacuum tube. Ill. George Imlach. Radio News, 
6 :694, Nov., 1924. 

What vacuum tube curves means. Ill. R. W. Hallow. Radio 
News, 6:698, Nov., 1924. 

How to build a short wave receiving set. M. B. Sleeper. Pop. 
Sci. Mo., 125:5:61, Nov., 1924. 

Newtrodyne receivers. Ill. A. L. Groves. Radio News, 6:316, 
Sept., 1924. 

Behavior radio waves and the heaviside layer. Sir Oliver Lodge. 
Radio News, 6:898, Dec., 1924. 

Radio fire hazards at receiving stations. A. C. Huston. Amer. 
City ,31:357, Oct., 1924. 

REFRIGERATOR 

Food in the house refrigeraor. Broadhurst and Van Arsdale. 
Nation’s Health, 6:595, Sept., 1924. 

Modern refrigeration methods stabilize markets. Nation’s Health. 
6:787, Nov., 1924. 


SCIENCE 
How science protects you from danger. Pop. Mech., 42:821, Nov., 
1924, 
SMOKE 


Result of 3 years of smoke abatement campaign. Amer. City, 
31:343, Oct., 1924. 
STEEL 
The story of steel. VIII. Ingot to finished produet—Rolling 
steel rods. Sci. Amer., 131:174, Sept., 1924. X. Steel for 
buildings and bridges. Sci. Amer., 131:324, Nov., 1924. 
SUBMARINE 
Giant submarine. Nauticus. Sci. Amer., 131:172, Sept., 1924. 
Development of American submarine. Sci. Amer., 131:320, Nov., 


1924. 
TEETH 
A one act play: The Bad Molar. Child Health Mag., 5:438., Oct., 
1924, 


‘TRANSPORTATION 
A night run with the Gotham limited. Ill. Pop. Mech., 42 :722, 
Nov., 1924. 
TUNNELS 
Hudson river tunnels meet. Ill. N. Barvin. Sci. and Inven., 
12:549, Oct., 1924. 
WATER POWER 
Over the mountains with white coal. H. E. Byram. Pop. Mech., 
42 :960, Dec., 1924. 
WATER SUPPLY 
Water of Providence, R. I. J. W. Bugbee. Amer. City, 31:425, 
Nov., 1924. 
Protection of small water supplies. Ill. O. E. Brownell. Amer. 
City, 31:461, Nov., 1924. 
WEATHER 


Who says the weather man is always wrong? N. C. MeLoud. 
Pop. Sci. Mon., 105:5:52, Nov., 1924. 
X-Rays 
Testing Metals with X-Rays. Ill. Franz Fuchs. Prac. Elec., 
3:640 and 698, Sept. and Oct., 1924, 
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The Choice of 





Thousands of Teachers 


Some of the Reasons Why HUNTER AND 
Wuitman’s Civic Science in Home 
and Community steadily increases in 





popularity : 

1. It covers General Science. 

2. It ties home experiences to school 
lessons. 

3. It cultivates a desire for improvement. 

4. It stimulates creative ability. 

5. It equips the pupil with practical 
knowledge of various kinds. 

6. It encourages independence of thought. 

7. It lays a foundation for good citizen- 


ship. 


It is a well-made book in its typography, paper, 


and binding. 


It is attractively and helpfully illus- 


trated. It has 527 pages and its price is $1.60. 





AMERICAN BOOK COMPANY 


New York 


Cincinnati Chicago Boston 


Atlanta 

















Magazine List 


American City. 443 Fourth Ave., N. Y. C. Monthly. $4.00 a year, 
50c a copy. The science problems of city and rural communities 
are treated in numerous articles, well illustrated. A valuable 
student and teacher reference. 

The American Food Journal. 25 E. 26th St., New York City. Monthly. 
$3.00 a year, 25c a copy. Articles on food manufacture, food 
legislation, and experiments in nutrition. 

Commercial America. Phila. Com’l Museum, Phila., Pa. $2.00 a year. 
Ill. Commercial production. New inventions. Will interest com- 
mercial geography and science teachers. 

The Educational Screen. 5 South Wabash, Chicago, Ill. Monthly 
except July and August. 20c¢ a copy, $1.50 a year. Now the only 
magazine in the field of visual education, having absorbed Moving 
Picture Age and Visual Education during the past two years. 
It covers the entire field of visual aids, including the motion 
picture, authoritatively. It is independent of any commercial 
connection whatever. 

Garden Magazine. Garden City, N. Y. Monthly. 25c a copy, $3.00 a 
year. Ill. Helpful to amateur gardeners, teachers and pupils. 
General Science Quarterly. Salem, Mass. Quarterly. 40c a copy, 
$1.50 a year. The only journal published devoted alone to science 
in the elementary and secondary schools. It tells what schools 
are doing in science, gives lesson plans, demonstrations, and an 

extensive bibliography of usable articles in current periodicals. 

The Geographical Review. Broadway at 156th St., N. Y. Quarterly. 
$1.25 a copy, $5.00 a year. Devoted to scientific geography. 
Original maps and pictures. One department contains condensed 
items of topics of current interest. 

The Guide to Nature. Sound Beach, Conn. Monthly. 15¢ a copy, 
$1.50 a year. Ill. Of interest to elementary pupils and teachers 
of nature study. 

Hygeia. 535 No. Dearborn St., Chicago. Monthly. 25¢ a copy, $3.00 
a year. Popular articles on individual and community health. 
A valuable supplement to classroom work in hygiene. 

Industrial and Engineering Chemistry. Box 505, Washington, D. C. 
Monthly. 75¢ a copy, $7.50 a year. A technical journal which 
contains much material which teachers can use. 

Journal of Chemical Education. Easton, Pa. Monthly. $2.00 a year. 
Promotes chemical education; primarily a journal for the chem- 
istry teacher. Digests of activities of chemical associations. 

Journal of the Franklin Institute. Philadelphia, Pa. Monthly. 50c a 
copy, $6.00 a year. Ill. A technical journal. Contains many arti- 
cles of value to science teachers. 

Journal of Home Economics. 1121 Cathedral St., Baltimore. Monthly. 
25¢e a copy, $2.50 a year. For teachers. 

The Literary Digest. 354 Fourth Ave., N. Y. Weekly. 10c a copy, 
$4.00 a year. Has a department “Science and Invention.” Arti- 
cles are mostly digests from other journals. They are popular 
in nature and suitable for high school pupils. 

National Geographic Magazine. Washington, D. C. Monthly. 50c a 
copy, $3.50 a year. Best monthly journal for high grade pictures. 
Articles are of interest to general reader, pupils and teachers, as 
well as to geographers. 
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Sargent’s Handbooks 
AMERICAN PRIVATE SCHOOLS 


9th edition, 960 pages, round corners 
crimson silk cloth, gold stamped 
$6.00 


A Guide Book for Parents. 
A Compendium for Educators. 
Annual Review of Educational Events. 
A Discriminating Review of the Private Schools 
as they are today. 


SUMMER CAMPS 


First edition 1924. 
576 pages, 10 maps and more than 
150 illustrations. $5.00. 


An Annual Survey of the Summer Camps and all 
matters pertaining thereto. 

A Discriminating Review of the Summer Camp 
Movement, its origin, development, present 
status, and practices. 

Educational Service Bureau advises parents in 
the selection of Camps and Schools. 
Consuitation on appointment. 


PORTER SARGENT 
14 Beacon Street BOSTON, MASS. 





We Place You 
In the Better Positions 


Our Reputation is National 
Our Service Unexcelled 


Positions Kindergarten to 
University Presidents 


The Rocky Mountain 
Teachers’ Agency 


Wa. Rurrer, Ph.D., Manager 
410 U.S. NAT’L. BANK BLDG. 


Denver, Colorado 


Branch Offices: 


Portland, Oregon, N. W. Bank Bldg. 
Minneapolis, Minn. 
Lumber Exchange 
Los Angeles, Calif. 
Chamber of Commerce 











THE 


BREWER 
TEACHERS AGENCY 


431 $. Wabash Avenue, Chicago, Ill. 





The Oldest National Agency 


Member of the National Association of 
Teachers Agencies. 


Publishers of the famous Brewer Na- 
tional Educational Directory. 


Forty-three Years of Successful Ser- 
vice is our story. 


A Bureau of Personal Service where a 
client is more than a file number. 


FREE ENROLLMENT — 
A postal card request brings you 
your blank. 








Back Numbers 


of 
General 
Science 
Quarterly 


Complete Your Files— 


Vol. 1, $1.25 Vol. 5, $2.00 
Vol. 2, $1.25 Vol. 6, $1.50 
Vol. 3, $2.00 Vol. 7, $1.50 
Vol. 4, $1.50 Vol. 8, $1.50 


The entire eight volumes bound in buckram 


can be supplied at $20.00, postpaid 


General Science Quarterly 


State Normal School Salem, Mass. 
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The Nation’s Health. 22 E. Ontario St., Chicago, Ill. Monthly, $3.00 
a@ year, 25c a copy. An illustrated magazine devoted to com- 
munity, industrial and institutional health problems. Very help- 
ful to the science and hygiene teacher. 


Popular Mechanics Magazine. Chicago. Monthly. 25c a copy, $3.00 
a year. Short science items and articles well illustrated. Appeals 
strongly to elementary pupils. Suggests many construction 
projects. 


Popular Science Monthly. 255 W. 39th St., N. Y. C. Monthly. $2.50 
a year, 25c a copy. A review in text and pictures of the news of 
science and invention, presented in a humanistic and inspirational 
way. Used as a supplement to text-books in many high schools. 
Valuable to science pupils and teachers. 

The Science Classroom. Issued by “Popular Science Monthly,” Octo- 
ber to June. 25c a year. A valuable teacher’s aid, giving lesson 
plans, experiments, and many reference suggestions for sec- 
ondary science teachers. 

The Experimenter. 53 Park Pl. New York City. Monthly. 25¢ a copy, 
$2.50 a year. This is especially suggestive to boys who are making 
things. There are numerous articles on electrical, radio and 
chemical topics. 

Radio News. 53 Park Place, New York City. 25c¢ a copy, $2.50 per 
year. Monthly. A practical periodical for all who are interested 
in radio. Gives radio progress, new hook-ups, and gives much 
help to one who may wish to construct his own set. 


Safety Engineering. 80 Maiden Lane, New York. Monthly. $3.00 a 
year. 25c a copy. A journal devoted to conservation of life and 
property and contains much material helpful in science classes. 


School Science and Mathematics. Chicago. Monthly. $2.50 a year. 
A teacher’s journal. Includes many helpful suggestions. 


Scientific American. Woolworth Building, N. Y. Monthly. 35c a 
copy, $4.00 a year. Has longer articles than the other popular 
science journals. Illustrated, and is particularly valuable to high 
school science pupils and teachers. 

Science and Invention. 53 Park Place, N. Y. C. Monthly. 25¢ per 
copy, $2.50 a year. Ill. Popular articles on astronomy, physics, 
photography, radio-activity, medicine, and, in fact, science in 
general. 

Scientific Monthly. Garrison, N. Y. 50c a copy, $5.00 a year. Articles 
as a rule are more along lines of pure science. Much of value to 
teachers. Articles can be read to advantage by many pupils. 

Science News-Letter. Science Service, 1115 Connecticut Ave., Wash- 
ington, D.C. Weekly. 10c a copy, $5.00 a year. Gives a valuable 
current summary of the progress of science, in a form usable 
in science classes. 

Transactions of the Illuminating Engineering Society. 29 West 39th 


St., N. Y. Monthly. $1.00 a copy, $7.50 a year. Technical. Many 
articles contain material which can be used in high school classes. 








